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PREFACE

This report was prepared by the McDonnell Aircraft Company, a division of the
McDonnell Douglas Corporation, St, louis, Missouri, Electronic Systems Engineering
Department under U.S. Air Force Contract No. F33615-83-C-1004. The program was
administered by the Air Force Wright Aeronautical Laboratories (AFWAL), Wright
Patterson AFB, Ohio. The Air Force Project Engineer directing the technical
aspects of the study was Mr. John Slivinski, ASD/ENASA.

This report contains data to assist the U.S. Air Force in planning future
applications of fiber optics data transfer in the armament buses of military
aircraft by demonstrating that a fiber optics interconnect system compatible with
the MIL-C-38999 connector size 16 contacts is qualified for aircraft use.
Component, fabrication, installation, and maintenance/repalr specifications are
included in this report. This study was conducted during the months of May 1983
through August 1984,

Contributions to this report from Messrs, H. C. Freiberger, D. W. Shaffer-
koetter, R. S. Soloman, and D. E. Jaspering are gratefully acknowledged. The
authors wish to acknowledge the technical assistance and guidance of Mr.

E. A. Rosenkoetter. The principal investigator was G. L. Welnstock.

This report was submitted by the authors in December 1984.
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SECTION I

) INTRODUCTION

1. \GENERAL

Fiber optics offers attractive design options for information transfer systems
with its advantages of wide bandwidth and electromagnetic noise immunity. The DoD
has recognized these potential benefits by allocating positions in the MIL-STD-1760
Primary Interface Signal Set connector for two future fiber optics bus lines..

J
2. OBJECTIVE
1

Fér several years, users and several connector manufacturers have been
interested in a set of fiber optics contacts interchangeable with size 16 electri-
cal contacts for the MIL-C-38999 connector. Preliminary prototype testing had been
sufficiently successful to define a program of full scale qualification for
aircraft applications. The result was this contract sponsored by the U.S. Air
Force ASD/ENASA with the objective to identify and qualify a set of fiber optics _
interconnect components which would meet MIL-STD-1760 performance and environmental ‘od -
requirements. The program has been successful. A MIL-STD-1760 fiber optics inter-
connect set has been identified and qualified. Specifications for the component o
parts and materials have been written. Procedures for fabrication, installation,/éuuivm:wgy S
maintenance/repair, and training have been developed. This fiber optics intercon- ’
nect system is fully qualified and ready for aircraft use.
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Item

Manutacturer Coae

Fiper Stze Accepled

Cavity Size

Fiper Terminahon Method
interchangeabtty

Strength Memper Retention
Right Angle Strain Relet
Auxmary Alignment Parts
Length Qutside Insert
Numher of Parts

Werant Mated Pair, Grams
Contact Base

Contact. Ptating

Othe:

Operating Range

Starage Range

insernon Loss

Loss Vanance
Environmental

Mechanical

Optical

Durability

Fiber End Protection
Contamination Susceptibility
Fungus Inert Materials
Tensde Strength. b
Solvent Resistence
Flammability

Termination Time
Produchon

Termmation Time  Field
Cleamng Ease
Reusabie Termination
Special Tool{s) Required
Cost ot Special Tool(s)
Multipie or Single
Source Tool(s)
Prototype

Proguction

Fhght

Cost/ 100 Pieces
Delivery

TR R

NN

100/140
and Others

16
Epoxy / Poiish
Yes

Epoxy

None
None
P-1(2). S-3(5)
0.95
Stainless Steel
None

- 65°C 1o +125°C
—-65°C to +125°C
1 dB Typecal
Thermal Shock
Vibration / Durability
<05 dB Changes

+02dB/
50 Matings

Jewe! Bearing

Yes
25 min

Excelient
Not Flammable

Typical

Typicat
Simple
No

Polish Dig

Yes
Yes
No

$19 59/ Mated Parr

Stock. 4 Weeks

Do
100/ 140

16
Epnxy 7 Palish
Yes

None
0093
P-1.S-2
155

+02dB/
10 Matings

Yes

Not Flammabie

Typical

Typical
Simple
No

Polish Die

Yes
No
No

AA

1007140
and Others
16

Lens. Pigtail
Yes

Pigtan

None
010005
P-1 541
Brass
Nickel

- 55°C to 150°C
-55°C to 150°C
3 0B Maximum

2 dB Mean+ 1 dB

<3dB
1.000 Matings

Lens
Low
Yes
25"

MIL-STD 1344,
1012*

Pigtailed

Mus! Be Sphiced
Simple
No

None

Yes
No
No

$150/Mated Par

- ~ e

SS

100/140

and Others

16

l.ens, Epoxy/Poish
Yes

Crimp

P-4.5-4

Stainless Steel Body
Nickel Ferrule
Sapphire Lens
—55°C to 125°C
—55°C to 125°C
25+405dB

3 dB Max
1,000+ Matings

Lens
Low

Yes

33
Excellent
Low

5 mmn

5 min
Simple
Yes

Pohsh Die
$15
Single

Yes
No
No

14 Weeks
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TABLE 6. FIBER OPTICS CABLE REQUIREMENTS

Topic item Requirements X8 X3 X2 X6 X10 X5

Physical Size  Fiber, Core Diameter 100 microns P P P P P F

Fiber, Cladding Diameter 140 microns P P P P P P

Outer Jacket Diameter 0.065-0.109in. P P P P P P

Environmental Temperature, Max, Cont 71°C P P P P P —

Temperature, 24 hr -57°C-+95°C P P P P P —

Mechanical Tensile Strength Terminated 251b P P — — — =

Minimum Bend Radius, Fiber 0.125 in. P P - - P —

Minimum Bend Radius, Cable 0.125 in. P P - - — =

Abrasion Resistance Good P P - - — -

Indent Resistance Good P P = - - =

Handling Flexibility Good P P - - - -

Chemical Solvent Resistance 5M1945 P P P P — -

Flammability Self-Extinging P P - - — -

Experience Production Quantities Required P P - = - =

Flight Preferred P — — - - -

Fofal . T

P = Pass

— = Unknown

GP43-0556-11

The termination proposed by company "NN" uses a jewel bearing to provide fiber
alignment. The jewel alignment system 1s factory installed to meet fiber diameter
tolerances. Where maximum optical power throughput is desired, a jewel, to match
the fiber within 5 microns, can be field installed. The ruby jewells harder than
the glass fiber. Polishing results in the fiber being slightly recessed, which
provides inherent fiber end separation. The epoxy/polish termination method is
simple, and the fiber end is accessible for cleaning. The company had performed
tests to verify thermal shock, durability, and vibration capabilities using the
100/140 micron Figure 2 type cable being considered for this program. They
consistently displayed optical losses of less than 2 dB., This agreed with tests
performed on the terminations submitted with thelr proposal. Quantities of 2000
units have been produced.

(2)

lens system.

Unsuitable Candidates - Company "AA" proposed a termination based on a
By expanding the beam of light with a lens, the signal is less
susceptible to connector misalignment and to contamination. However, an important
disadvantage is that it is available only as a factory termination. Company "AA"
would supply both cable ends terminated to exact cable lengths or as pigtailed
terminations requiring a splice to join to a cable. This severely restricts field
operations and increases losses when splices are required. Additfonally, simple
flight qualified fiber optics splices are not readily available. Company "AA"
specifies a maximum loss of 3 dB. Test data and sample parts were not available in
time for the selection schedule., On the basis of data furnished and the possibil-
ity of additional splice interfaces, losses in this system appear to be excessive.
Other limitations are a lack of production hardware, testing of the system, and
high projected costs.
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TABLE 4. VENDORS CONTACTED

Termination Companies

Cable Companies

AMP Incorporated
Amphenol

Augat Inc

Bendix Corporation

Berg Connector Div - DuPont
Burndy Corporation
Deutsch Company

G&H Technoiogy inc.
GTE Sylvania

Honeywell Electro-Optics
Holtek Optronics
Hughes Aircraft Co.

ITT Cannon

Matrix Science Corp
NEC Electronics USA Inc

Amfox

Belden Corp

Brand Rex Company
Canstar Communications
Ensign Bickford Industries
EOTec Corp

ITT Electro Optical Prod
Mohawk Optical

Phalo Optical Systems
Pirelli Cable Corp
Poly-Optical Products Inc
Raychem Corp

Siecor Optical Cable
Times Wire and Cable
Valtec Corp

OFTI

Plessey Connectors Limited
Raychem Corporation
Socapex

Switchcrait

T&B Optoelectronics

TRW Cinch Connectors

GP43-0556-8

b. Contact Manufacturer Responses — Seven of the twenty-two termination
companies contacted, responded. Four indicated they could meet the program 1
schedule requirements outlined in the letter, and submitted proposals. Their .
response data is compiled in Table 7. Program requirements and vendor compliance
are shown in Table 8. The connector termination companies are designated by double

letters AA through ZZ. )

(1) Suitable Candidates -~ The termination proposed by company "DD" employed
the conventional epoxy/polish termination system for simplicity and ease of clean-
ing. Optical losses of less than 2 dB were consistently obtained. The termination
extends up to 3/32 inch beyond the rear grommet. Normally, MIL-C-38999 contacts
are fully terminated within the connector insert. This physical difference was of
interest regarding any effect on flexing, strain relief, and axial tolerances. The
company "DD" termination lacked production quantity experience, and testing beyond
ingertion losses,

s
" |
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TABLE 3. TERMINATION DATA NEEDS

Topic tem )
Specification Manufacturer
Part Number
Configuration Fiber Size Accepted
Cavity Size ACIN
Fiber Termination Method . -

Interchangeability

Strength Member Retention
Right Angle Strain Relief
Auxiliary Alignment Parts
Length Outside Insert
Number of Parts -
Weight

Materials Contact, Base
Contact, Plating
Other

Temperature Rating Operating Range -
Storage Range

Optical Performance Insertion Loss
Loss Variance

Vendor Test Data Environmental o
Mechanical —
Optical . _

Reliability Durability
Fiber End Protection T
Contamination Susceptability -
Fungus Inert Materials X
Tensile Strength

Chemical Solvent Resistance
Flammability
Maintainability Termination Time, Production

Termination Time, Field
Cleaning Ease
Reusable Termination T

Tooling Special Tool(s) Required
Cost of Special Tooi(s)
Multiple or Single Source Tool(s)

Experience Prototype . ‘
Production
Flight -
Availability Cost RS
Delivery - :.j_-
GP43.0586-7 - -4
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:nvw APPROVED VEWDOR ANO VEWODOR'S DESIGNAYION A SUPERSED PARTS NOT
Loy

APPROVED FOR URENERT FOR
OISPOSITION DIKECTIONS SEE (6MI4g)

SN1945-001 NONE

PROCURENENT REQUIREMENTS:

SM1945  (REV B)
NECEIVING INSPECTION REQUIREMENTS:
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SHEET 3

APPROVAL BATE: MAY 1980

Figure 2. (Continued) Cable Fiber Optic, Procurement Specification
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wOvEsS: 1. sﬁﬁ: ™ “Clllu"ﬂs DESCRIDMES TME REQUIREMENTS FOR A FIBER OPTIC CABLC WANUFACTURED IN ACCORDANCE WITH THE BASIC FIBER OPTIC
CATS!

o, DOO-C.
1.1 PROCURERENT SPECIFICATION: ODD- C-0504% £2CEPT IS SP(CI"(D L3N
1.2 THIS STANDARD 1S TI CONTAOLL ING DOCUSENT AND T PRECEOENCE OVER OTWER DOCUMENTS REFERCNCED MEREIN
1.3 MEFERENCED DOCUMENTS SMALL OF OF TwE 133Uk N ("(ﬂ ON DATE OF INYITATION FOR BID OR AS AUTHORIZED BY THE MCAIR STANDARDS ENGINECRING

OEPARTVENT,
1.4 VENDORS LISTED MEREIN ARE THE QNLY APPROYED SOURCE. ONLY VENDORS THAT ARE QUALIFIED TO SUPPLY CABLE 10 DOD-C-BS045 MAY BE COWSIOERLOD
AS A SOURCE OF SUPPLY FOR SHIS4S CABLE AND SNOWLD APPLY FOR APPROVAL ¥IA MCAIR STANDARDS ENGINEEMING DEPARTMENT

2. mmlmo CABLE SMALL !!l ALL THE REQUIREMENTS OF SM194S AND DOD-C-85045. WMERE TMERE 1S CONFLICT BETMEER THE TWO
) o+ SAISAS SMALL TARE PRECECENC

OPTICA
1k 2 l 1 OPTICAL PROPERTIES SMALL BE AS SPECIFIED IN TABLE 1 WHEN MEASURED AS REQUIRED IN DOD-C.AS04S.

CWARLCAL

2.2.1 MEOWNICAL PROPERTIES SHALL BE AS SPECIFIED 1IN TABLE 11 WHEN EASURED AS REQUIRED IN DOD-C-85045
2.3 ERVIROWENTAL

2.3.) THEMAL - THE CONTINUOUS TEMPERATURE RANGE 1S 125°C T0 -58°C.
2.4 MARKING - ALL INTERIOR PACKAGES SHALL BE WARKED PER NIL-STO-129.

LEGIBLY D DURABLY PRINTED OM THE REEL.

MCODNNELL 'S STANDARD PART NO. PURCHASE ORDER NO

VENOOR'S mANE EACH CABLE LENGTH AND TOTAL FOOTAGL
VENOOR'S PART no WCDOMNELL CIRCLE WO

VENOOR 'S LQT MO

WONTH M YEAR OF NFGR.

EACK REEL OF CABLE SWALL BE IDENTIFIED WITH THE FOLLOMING INFORMAT [ON

2.5 QUALITY ASSURANCE
ALL SMISES CASLE SHALL MEET THE PERFORMANCE REQUINEMENTS OF TASLE [I(. GROUP A AND 8 [NSPECTION (CKCEPT JACKET STABILITY ANG
OURABILITY OF IDENTIFICATION WARKING) IN ODO-C-85045 SWALL BE PERFORMED ON ALL SHIPMENTS OF CABLE TO MCAIR OR MCAJR‘S DESIGNEE
CERTIFICATION OF COMPLIANCE SWALL BE PROVIDED W1Ti EACH LOT.
QUALIFICATION [NSPECTION {(TABLE 11 OF DDD-C-85045) SHALL BE PERFORMED BEFORE SHIPMENY OF TWE FIRST LOT OF CABLE AND ANYTING
THEREAFTER WHER MATERTAL OR OTPENSIONS OF THE CONSTRUCTION ARE CHANGED  COPIES OF QUALIFICATION INSPECTION TEST DATA SHALL BE
FORMARDED TO MCAIR STANDARDS ENGINCERING DEPARTMENT .
2.5.4 ﬂll RESERVES THE RIGHT TO PERFONM ALL INSPECTIONS AND/OR TESTS TO INSURE COMPLIANCE WiTh MIL-C-85045 AND THIS SPECIF ICATION
ACCEPY OR REJECT LOTS IN ACCORDANCE WITH MCAIR'S QUALITY ASSURANCE PROGRAM
2.4 'I’A’Aﬂﬂ FOR DEL | VERY
2.6 HE CABLE SMALL BE SUPPLIED IN WINIMUM LENGTNS OF 500 FEET  REELS O SPOOLS SWALL BE CONSTRUCTED IN ACCORDANCE MITH PARAGRAPH
5 .I.l OF 000-C-B5045. WMEN MORE TAW ONE LENGTH OF CABLE !5 PACKAGED ON A REEL, THE ENDS OF [ACH LENGTH SHALL BE BROUGHT
OUT AND SECURED TOGETHER TO PERNIT CONTINUITY CK(KS N EACH LENGTH.
2.6.2 THE REQUINEMENTS OF LEVEL A OF MIL-C-12000 SNALL B MET.

5.1
s.
.5,
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Figure 2. (Continued) Cable Fiber Optic, Procurement Specification




- oyt - BN L=, e W Al ol g v ) 3
T e TR R e R e —m—
A S
- "'..‘
I
) “.
i
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) FIGURE B-1 -8MmI1945-00! OPTICAL FIBER e
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APPROVED CALLOUT N :
- SM1945-001 U
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. TABLE |
CONSTAUCTION DEYALLS 1
1
APVROVED CALLOYY SN1945.001
DPTICAL F1BEN SEMI-GRADED, SINGLE FIBER
COAE DIA. - 0035 + 00004 INCHES
» CLAD PATERIAL - SILICA GLASS
CLAD OIR - .0085 + .0001 INCHES
BUFFER COAT UV CURABLE, THEARDPLASTIC RESIN
- COAT OIA - .019 + 003 INCMES
INNER JACKET WYTREL, TYPE 1246
.- IWNER DIA - 025 INOVES MIN
’ OUTER DIA. - 059 INCHES WAL
. I - - T
- BRAID i TEFLOW INPREGNATED f IBEAGLASS
{ 180-1/2-2 ENDS
i 10 #1CKS PER INCW
. UTER JACKET i TEFZEL 200
! COLOR - YI0LEY
N DIA. - 10 « 003 INCHES
COMCENTRICITY B0 MINIMUM FOR CORE. CLAD.
. INMER AND DUTER JACKET
TO MINIMUN FOR BUFFER COAT
T0TAL W 16HT 6 8 185/1000 FEET
WINI CABLE LENGTH $00 FV
TABLE 11
OPTICAL AND MECHANICAL PROPEATIES
APPROVED CALLOUT 11945001
AKX ATTEN @ 900 e 15-3.0 b per OO ft
N MMERICAL APERTURE Steady Stete & 30
® CORE/CLADDING REFRACTIVE INDLY ' a1 esz8
) ® BANDNTOTH 100m Hz -+ 3300 1t
FIBER TEWSILE PROOF TEST 100,000 sy wmin ..
. BAAID BAEAK FORCE % 1oy §
- JACKET TENSILE STRENGTN & ELOWGAT [ON 5,000 pst min , 2008 min 3
&
) .
. DIMENSIONS IN INCHES: TOLERANCES UNLESS OTHERWISE SPECIFIED: . XX £ 0.03; . XXX ¢ 0.010: ANGLES + 4° g
| FSCM NO. CLASSIFICATION 5
76301 e ¥
- PROCUREMENT CABLE, FIBER OPTIC STANDARD PART DOCUMENT s
- SPECICATION -
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>
). 00D-C-88048 5“ |9 5 [
; sy 1 or 3 |E
. - e wov 0 an - OP43.0886-4
. Figure 2. Cable Fiber Optic, Procurement Specification
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TABLE 2. CABLE DATA NEEDS

Item

Specification

Configuration

Materials

Temperature Rating

Optical Performance

Vendor Test Data

Reliability

Chemical

Maintainability

Tooling

Experience

Availability

Manufacturer

Part Number

Fiber Type

Tube Construction
Strength Member
Diameter, Core
Diameter, Fiber
Diameter, Buffer
Diameter, Outer Jacket
Eccentricity
Ellipticity

Weight

Fiber
Primary Jacket
Cable Jacket

Operating Range
Storage Range

Index Profile
Numerical Aperture
Attenuation
Bandwidth

Environmental
Mechanical
Optical

Tensile Strength

Minimum Bend Radius, Fiber
Minimum Bend Radius, Cable
Fungus Resistant Materials
Abrasion Resistance

Indent Resistance

Handling Flexibility

Solvent Resistance
Flammability

Stripping Time
Recladding Necessary

Special Tool(s) Required
Number of Special Tool(s)

Cost of Special Tool(s)
Durability of Tool(s)

Multiple or Single Source Tool(s)

Prototype
Production
Flight

Cost
Delivery

GP43-0558-3
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b. Cable Search - These requirements, a list of cable data needs (Table 2),
and the cable specification being used in the production of the AV-8B aircraft
(Figure 2) were submitted to 15 companies known to be involved in the manufacture
of fiber optics cables, for their suggested candidates.

- c. Termination Requirements - The requirements for the connector termination
. were determined to be:

o) size 16, MIL-C-38999, Series III

o Terminate jacketed strength membered fiber optics cable such as MCAIR
Standard Part Drawing ST5M1945 enclosed

o] Interchangeable with electrical contacts
o Minimum 25-pound tensile strength from cable to connector

o Easily cleaned and/or protected from contamination

d. Termination Search - These requirements, and a list of connector termina-
tion data needs (Table 3), were submitted to 22 companies known to be involved in
the manufacture of fiber optics terminations, for their suggested candidates. A

list of the cable manufacturers and the termination manufacturers is given in Table
4,

e. Delivery Requirement - In addition to the technical requirements, delivery
of the selected components by 1 September 1983 was required.

4, COMPONENT SELECTION

a. Cable Manufacturer Responses ~ Seven of the 15 cable companies contacted
responded. Four proposed cables that met the Figure 2 requirements, two proposed
alternate cables, and one replied that it made fibers only. The responses are
compiled in Table 5. The important characteristics of the cables are listed in
Table 6, together with program requirements and the requirements met by each cable

design. The names of the cable vendors are coded with a letter/number designator
X1 through X15.

(1) Suitable Candidates - The company "X8" and company "X3" cables, built to
Figure 2, met all of the Table 6 requirements. Therefore, these cables were chosen
for this MIL-STD-1760 interconnect evaluation program.

"

(2) Unsuitable Candidates - Companies "X2" and "X6" proposed to provide
cables to meet Figure 2 specifications, but had not produced them. Company "X10"
submitted a cable design with a 100/140 micron glass/glass fiber. The outer jacket
diameter of 0.080 inch was much smaller than the Figure 2 diameter of 0.105 inch, g
but was within the grommet sealing range of the size 16 insert cavity. Company -
"X10" also claims radiation hardness, However, the cable lacks complete test data,
production, and flight experience. Company "X5" proposed a plastic clad silica
(PCS) fiber with a hard cladding which did not require removal. The fiber was
available in either a 140 or 230 micron cladding diameter. The larger diameter was
attractive because it was less susceptible to connector misalignment and to

contamination. Our prior testing of the 230 micron hard clad PCS fiber indicated T
good flexibility, but high and low temperature limitations inconsistent with MIL-E- <

5400 environmental requirements. Ll
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SECTION III

TASKS

1. GENERAL

The objective of this program was to fully environmentally and mechanically
qualify a fiber optics interconnect system for MIL-STD-1760 based on a termination
compatible with the Series III MIL-C-38999 connector. To meet this ob jective, the
following program task plan was established.

a) Standards Review

b) Component Survey

¢) Component Selection

d) Test Plan

e) Testing

f) Maintenance Practice Development
g) Specification Development

2. STANDARDS REVIEW

Applicable standards documents were reviewed to determine test procedures and
test levels necessary to qualify a fiber optics harness for MIL-STD-1760 aircraft
applications. These included the latest versions of MIL-STD-1760, DoD-STD-1678,
MIL-STD-202, MIL-E-5400, MIL-STD-810, MIL-STD-781, MIL-T-5422, MIL-C-38999, MIL-I-
16923, MIL-STD-1344, MIL-T-21200, and EIA RS-455. The results of this study were
incorporated into a test matrix and used to establish component requirements.

3. COMPONENT SURVEY

a. Cable Requirements — The standards review and our fiber optics development
and production experience were used to define interconnect cable and termination
requirements for this program. The requirements for the cable were:

o Rugged as electrical cables; resistant to damage by crushing, indentation,
kinking, flexing

o Compatible with termination to MIL-C-38999 Series III connectors, size 16
cavities

o Meet MIL-E-5400 Class 2 environment
0o Meet MIL-W-5088 and MIL-C-38999 applicable mechanical characteristics
o Resistant to solvents and other chemicals commonly used on aircraft

o Buffered fiber capable of wrapping around 1/8 inch mandrel without
breaking

() Suitable for field termination

o Minimum 25-pound tensile strength terminated to MIL-C-38999 termination
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TABLE 1. QUALIFICATION TESTS

Epoxy Hydrolytic Stability
Fiber Flex

Cable Indent/Flex

Cable Flex

Cable Handling

Termination Evaluation
Insertion Losses

Tensile, Individual

Tensile, Individual @ —55°C
Maintenance Aging
Durability

Temperature Life

Humidity

Salt Spray, Unmated
Vibration

Vibration, Gunfire
Mechanical Shock

Thermal Shock

Sand and Dust

Harness Flex @ Connector, — 40°C
Harness Flex @ Connector, 55°C
22 Tensile, Integrated Harness

QO ~NOOUE WN =

NN = b o d cd b b b b
-0 WO NN E WN-=-O

GP43.0556-2
4. TESTING

Two cable/connector systems (primary and back-up) were selected for testing.
The tests were conducted serially. The test program was successfully completed on
schedule. Optical losses were consistent and within practical limitations. The
interconnect system qualified by this program had insertion losses of 1.8 + 0.6 dB.
System quality was neither cumulatively nor significantly degraded through the test
program.

5. QUALIFICATION

One complete interconnect system was qualified for continuous operation. The
cable was a semi-graded index, 100/140 micron glass on glass fiber, with a fiber
glass strength member and a Tefzel outer jacket. This cable was terminated into an
epoxy/polish, fiber-to-fiber contact termination. A second system was partially
qualified with the same cable terminated into a contact supplied by a different
manufacturer. Qualification of this second interconnect system is contingent upon
a design change to correct a specific contact problem.

6. PROCEDURES

Procedures for implementing this interconnect system into a military aircraft
have been written and are included as part of this report. They include component
and material standards, process specifications for the fabrication, installation,
maintenance/repair, and training of personnel for these operations.

PCafC ot ol §
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SECTION II

EXECUTIVE SUMMARY

1. BACKGROUND

The MIL-STD-1760 Aircraft/Store Interconnection System Standard has allocated
two circuit positions in the MIL-C-38999 Series III Stores Management connector for
fiber optics use. The fiber optics interconnect is desirable because it can accom- .
modate high data rates, is immune to EMI, RFI, and lightning, and is light weight
and small in size compared to coaxial cable. The objective of this program was to
develop and qualify a fiber optics interconnect system for MIL-STD-1760. This
ob jective was accomplished in accordance with the schedule shown in Figure 1.

Task

Go-Ahead ~ 13 May.._ oo
Period of Technical Performance.]
Standards Review._____._.___.._.
Component SUNvey...ceeeeeen... d
Component Selection List
Test Plan

LICE (o] P
Develop Specifications

GP43.0566-1
Figure 1. Schedule
Fiber Optics Applications for MIL-STD-1760

2. REQUIREMENTS

Hardware and test requirements were established through a review of applicable
standards documents. Manufacturers and suppliers of fiber optics cables and
connectors were solicited for candidate components. From the replies submitted,
primary and back-up cable and termination systems were selected.

3. TEST PLAN

A test plan was developed to evaluate both the individual components and .
specimen configurations based on MIL-STD-1760 applications. Synergistic testing to
simulate field conditions included continuous measurement of optical power through-
put. MIL-C-38999 and MIL-E-5400 test requirements were utilized as a basis for the
test program. Additional MCAIR-developed tests were added to simulate actual
installation handling and field usage and to supplement the military specifica-
tions. A list of the qualification tests is shown in Table 1.




TABLE 8. FIBER OPTICS TERMINATION REQUIREMENTS

Topic ftem Requirement NN DD AA SS
Physical Size  MIL-C-38999, Series Il 16 P P P P
Optical Insertion Losses Max, 2 dB P P - —
Environmental Operating Temperature Range —65°C to 125°C P - P P
Mechanical Mating Durability 500 100 10 — 1,000

Vibration MIL-E-5400 16 hr/ — — -

MiIL-C-38999

Simple Termination Minimum Parts P P Pigtail P
Experience Production Quantities Preferred P — — —

Flight Preferred — —_ — -
P =Pass
~— =Unknown

GP43-0556-14

Company "GG" had an active development program for these termination
components, but it offered no availability forecast.

Company "HH" furnished a prototype contact, which would meet the 125°C
temperature requirements, in a size 12 which could be terminated quickly using a
cleave/clamp method, but it could not guarantee a size 16 version within the

program schedule.

Company "SS" also proposed a termination with a lens system utilizing the
expanded heam principle, but this method permitted normal field termination. The
fiber is epoxy/polish terminated into a ferrule which, in turnm, is inserted into
the lens assembly. The disadvantage of this system is the higher losses (up to 3
dB) assoclated with three interfaces (epoxy, lens, epoxy) compared to the single
interface of the epoxy/polish method. Test data and a sample set of terminations
were not available in time for the selection schedule. Previous tests on a size 12
version showed reasonable losses, but true insertion loss measurements were not
possible with the company "SS" pigtail terminations. Limitatlions of this system
are a lack of production hardware and system testing.

The company "YY" development was also based upon a size 12 termination. Its
lens design in a size 16 was not expected to be available until early 1984,

(3) Primary Selection - The company "NN" epoxy/polish system was the first
chofce of terminations for the test program because of its consistently low losses,
and the extent of successful vendor testing. Also, it is the only termination
which has been produced in quantity. The company "NN" termination was selected as
the primary termination system.

(4) Alternate Selection — The company "DD" termination was chosen as the
alternate termination system because of {ts consistently low optical losses. A
summary of the strengths and weaknesses of the termination systems submitted is

presented in Table 9.

16
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TABLE 9. STRENGTHS/WEAKNESSES, TERMINATION SYSTEMS SUBMITTED

Tllanulacturer
Code NN b AA s$
Strengths 1. Consistent Low Losses 1. Consistent Low Losses 1. Lens System Is 1. Lens System |s
2. Goad Vendor Testing Less Susceptible to Less Susceptible 1o
3. Production Parts Alignment Problems Alignment Problems
" Avatlable and to Contamination. and to Contamination.
4. Low Cost

5. Jewel Termination,
Factory installed or a
Select Fit Jewel.

Weaknesses 1. Termination Time of 1. Termination Time of 1. Available Only as a 1. High Losses
Epoxy/Polish System. Epoxy / Polish System. Factory Terminated 2. Lack of Testing
2. Only Prototype Parts Pigtad (Field Use 3. No Hardware Parts
Have Been Built. Requires Spiicing, Submitted.
3. Lack of Testing Adding Another Set
of Losses).
2. High | osses

W

. Lack of Testing

4. No Hardware Parts
Submitted.

5. High Cost

GP43-0558-15

c. Connectors - The preferred test connector configuration for MIL-STD-1760
was the MIL-C-38999 Series III connector with a 25-20 insert configuration. How-
ever, no connector manufacturers had tooled the lanyard version of this connector,
and none could promise delivery before the end of 1983.

(1) Selected Configuration - To meet the program schedule, a 25-46 insert
configuration was used for the test program. This configuration provides four size
16 cavities located similarly to the 25-20 size 16 cavities reserved for fiber
optics. Figure 3 shows the insert configurations.

(2) Substitute Components - Since the specific MIL-C-38999 parts were not
available, proprietary versions were used as follows:

Receptacle, Wall Mount, Bendix #TVPOORW-25-46P
Plug, Straight, Bendix #TVO6RW-25-46S
Plug, Lanyard Release, Bendix #88-556573-GS

Ty T T Y I W Tw T .
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Insert Arrangement, Electrical Connector

Shell Size 25
+Y
i MIL-STD-1760 (Not Tooled) "- - :
b o
- Contact
. Location X y o L
A 0.000 +0.407 AR
B +0.234  +0511 ’
C +0.352 +0.411
D +0.466 +0.275
E +0.530 +0111
+X F +0.537 —-0.060 .
G +0.467 -0.312 )
H +0.208 -0.353
J 0.000 -0.541
K —0.208 -0.353
L -0467 -0.312
M -0.537 -0.060 -
N -0530 +0.111 ’
P -0466 +0.275
R -0.352 +0.411
S -0234 +0511
T +0.243 +0.270
-Y u +0.357 +0.136 -
in. mm in. mm v +0450 -0.183 o
0.018 046 0275 6.99 w 0.000 -0.131 L
0.060 152 0312 792
0061 155 0317 805 X -0450 -0183 e
0.099 251 0352 834 Y -0.357 +0.136 e
0.111 282 0353 897 Z -0.234 +0.270 .
0.115 292 0357 9.07 )
0.131 333 0407 10.34 1 +019% +0.113 -
0.136 3.45 0411 10.44 2 +0.317  -0.061
0.141 358 0450 11.43 3 -0317 -0.061
0.183 465 0466 1184 4 —0.195 11
0195 495 0467 1186 : 5 ogo - g 09:
0.208 528 0511 1298 : +o :
0.234 595 0530 13.46 6 +0.141 -0.018 )
0.243 6.17 0537 13.64 7 -0.141 -0.018 -
0.270 6.86 0541 13.74 T
Shell Arrangement  Number Size Service Contact o
Size Number of Contacts Contacts Rating Location -
3 8 Triaxial A H K )
4 12 Coaxial W, 23,5
13 16 C.D,E F,J M, T
N,P,RTUY,Z
25 -20 S Inst
10 20 B,G LSV,
X, 1,4,6,7 )
L LTID L TDI—ToT I — . —— GP430588-18 ’ ]
Figure 3. Insert Configurations s
18 ' -




Available

+X

M.

Contact Location

Contact
Letter

Location Contact Location oA

x Axis yAxis Leter  y Axis y Axis o]
A +0.065 +0.533 a +0.390 +0.125 N
B +0.275 +0.466 b +0426  0.000 :
c +0420 +0.337 c +0390 +0.125 o
D +0493 +0.217 d +0297 -0217 o
E +0531 +0.079 e +0.245 -0.337 O
F +0531 -0079  f +0.136  —0424 S
G +0.493 -0.217 g 0.000 -0.395 L
H +0.420 -0.337 h -0.136 -0.424
J +0.275 -0.466 k —~0.245 -0.337
K +0.065 -0533 m -0297 -0217
L -0.065 -0533 n -0.39 -0.125
M -0.275 —0.466 p -0426  0.000
N -0.420 -0.337 q -0.390 +0.125
P -0.493 -0217 r -0.297 +0.217
R -0531 -0.079 s —-0.245 4+0.337
S -0531 +0.079 t -0.136 +0.424
T -0.493 +0.217 u 0.000 +0.395
U -0420 +0.337 v +0.097 +0.265
Vv -0275 +0.466 w +0.180  0.000
w -0.065 +0533 X +0.097 -0.265
X +0.136 +0.424 y -0.097 -0.265 -
Y +0.245 +0.337 z -0.180  0.000
z +0.297 +0217  AA -0.097 +0.265
Shell Arrangement Number of Size Service Contact Supersedes _
. Size Number Contacts Contacts Rating Location Document BN
- 2 C,:):)'( i8a| Coaxial z, w '_:‘_:‘_ . -
- 25 - 46 4 16 AXA'y" MS20057-46
N S
) 40 20 All =T

Others N .-_;;.:

-----

Figure 3. (Continued). Insert Configurations

GP43.0556-17
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d. Auxiliary Components — The following is a list of the auxiliary connector
hardware utilized to fabricate the #25 shell size test specimens. Connector cavi-
ties not filled with fiber optics circuits were filled with appropriate electrical
circuitry. Harness construction was typical of MIL-STD-1760 applications.

#8 Coaxial Contact, Male, Bendix #21-33102
3 #8 Coaxial Contact, Female, Bendix #21-33101
- #20 Contact, Electrical, Pin, M39029/58-363
#20 Contact, Electrical, Socket, M39029/56-351
Strain Relief, Straight, Bendix #10-552681-259 '
Strain Relief, Right Angle, Bendix #10-552682-259
Backshell, EMI, 90°, Glenair G7056-25~NF
Backshell Extender, Electrical, Glenair #320HSO002NF25-3
Insertion/Extraction Tool, MS27534~16
Coaxial Cable, RG195 A/U
Wire, Hookup, #20, M81381/7-20-2
Braid, Textile, Nomex
Braid, Metal, Tin Plated Copper
Polishing Fixture, Per Manufacturer's Recommendations

5. TEST PLAN

a. Test Objective — The test objective was to flight qualify a fiber optics
interconnect harness utilizing MIL-C-38999 Series III connectors. Incluced are the
following requirements:

-~ Size and performance per MIL-STD-1760 and MIL-C~-38999

- Environmental operation per MIL-E~5400 and MIL-C-38999

~ Fiber optics terminations interchangeable with size 16 electrical contacts
-  Minimum 25-pound tensile break strength between cable and termination

~ A field serviceable and replaceable termination

b. Test Strategy - The test strategy was built on the following key elements:

- Realistic specimen configuration
- Synergistic testing

- Static and dynamic measurements
- Individual component tests

(1) Realistic Specimen Configuration - The test specimens were configured as

shown in Figure 4. They accurately represented MIL-STD-1760 configurations, incor-

porating two alignment schemes (companies "NN" and "DD" termination systems), a R

- full complement of electrical and fiber optics cables, both lanyard and non-lanyard ' BN
o plug Series III connectors, straight and right angle strain reliefs, metal braid- R
- ing, textile braid jackets, and open harness construction.

‘o (a) Specimens A and B - One harness (specimen A) utilized the standard SR
- non-lanyard type MIL-C-38999 Series III connectors, while another (specimen B) ]
- included a lanyard release plug of the same Series III connector. As space R
- limitations often dictate the use of right angle connectors, a right angle strain 3"3§
- relief backshell was used on specimen B. T
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(b) Specimen C - The control cable (specimen C) with terminations residing
outside the testing environment was used as a reference. This permitted separation
of the incremental losses incurred during the test environment into cable and
connector components.

(c¢) Specimen D - A separate pair of Series III bayonet type connectors with-
out strain relief (specimen D) was used in the termination evaluation to determine
the basic cable/connector tensile capabilities.

(d) Harness Configuration - Both Aircraft Station Interface (ASI) and Mission
Store Interface (MSI) harnesses are often protected with an overall metal braiding
for EMI and/or abrasion protection. Therefore, one harness portion of the lanyard
release specimen was fabricated with metal braiding and the associated EMI back-
shell hardware to simulate typical MIL-STD-1760 aircraft/store requirements.
Harness segments were formed using both the conventional open harness corstruction
and the high density compact (textile braiding) system. This provided a total of
three typical harness types for evaluation.

(2) Synergistic Testing — Synergistic testing 1s a key element in the test
plan to duplicate flight conditions in laboratory testing. The testing was accom
plished in a number of ways. The test specimen configuration (Figure 4) included
stresses caused by the right angle strain relief backshell, the braid, the straps,
and other materials used to form the harness, and by the large mass of electrical
circuitry which was a part of the hybrid harness. The test configurations (Figure
5) also simulated actual aircraft installations. The test harnesses were mounted
on the vibration plate per MIL-W-5088 requirements, and the mandrel/weights
configuration employed realistic tensile, compressive, and bend stresses. Finally,
tensile and flex tests were made at temperature extremes. Tensile on the indiv-
1dual cables were performed at room temperature and at -55°C. Harness flexing was
accomplished at -40°C and at 55°C, the temperature extremes specified by MIL-T-
21200 for Class 2 flight line service operations.

(3) Static and Dynamic Measurements - The optical throughput was monitored in
all testing. 1Initial and final static measurements were recorded for each test
sequence. Wherever feasible, dynamic continuous measurements (every 15 seconds)
were also obtained. In reporting the test results, the dynamic continuous measure-
ments were used whenever available. The continuous measurements provide greater -
accuracy because the source, detector, and all necessary connecting cables were E ;
undisturbed throughout the test sequence. The change in throughput represents the
effect of the test sequence. In the static initial/final measurements, the »
connections to the source and detector were disconnected after the initial measure-
ment, and were reconnected for the final measurement. These connections were made
with threaded SMA (single-channel coaxial type) connectors. The connectors were -]
indexed, but repeated measurements using this method can vary up to 1 dB. Control . tid
cables, without terminations within the test environment, were used to separate the .

]

effects on the cable from those on the connector.

(a) Measurement Approach - The requirement for dynamic testing of connector
performance demands special optical test equipment and instrumentation. Two
approaches to the test system implementation are feasible. It can be based on
synchronous measurement techniques, or it can be totally asynchronous using a
constant-radiance source. The synchronous method requires a mechanical chopper,
reference optical detector, and synchronous detection equipment such as a lock-in
amplifier, in addition to the primary optical detector, for each main signal
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Figure 5. Test Configurations




channel. Thus, it is an expensive test set—up. The asynchronous method uses a
source and detector or power meter for each channel. The detector output is
compared to its output from a reference optical input if a ratiometric measurement
is desired. The only critical requirement is that the optical source and detector
be exceptionally stable for the duration of the test. Because of the economies of
the asynchionous approach, and our experience and success in using it, this
approach was selected.

(b) Optical Source - Since numerous tests were conducted over many hours, it
was imperative that the optical source exhibit exceptional stability of output .
power with ambient variables, such as temperature. Without this stability, it is
nearly impossible to distinguish between test equipment and test sample variabil-
ity. This feature 1is also crucial in optical fiber loss measurement systems which
rely on ratiometric techniques. The light source drift between reference and test
measurements will affect the accuracy of the resulting decibel loss calculation.
Although LED sources are less susceptible to short term output power fluctuations
than are injection laser diodes, LEDs nevertheless have a finite lifetime and a
non-zero temperature coefficient.

(1) Source Stabilization - Unlike many LED source stabilization circuits,
which test source current for changes from a baseline, our approach was to sample
the optical power output directly. If the sampling 1s done efficiently, that is,
without using a significant portion of the source output, this approach proves to
be superior in terms of long term stability for all parameters. MCAIR has
developed a very effective sampling technique. The resulting controlled-LED source
was used in this program. As shown in Figure 6, the circuit is a straightforward
application of negative feedback techniques. A stable reference is set up and used
for comparison. The light source is biased on, and a small portion of the output
power (approximately -30dBm) is fed to a photodiode. The resulting photocurrent is
amplified and compared with the stable reference. Any change in the output power
is sensed and used to dynamically adjust the light source bias to provide a
constant optical power output.

(2) oOptical Output Power Tap — One unique feature of the stabilized light
source is the method used to tap the output optical power. The light source used
is a Honeywell SE3352 LED mounted in a flanged receptacle. A hole is drilled in
the side of the receptacle to allow detection of a portion of the light emitted by s
the LED, but uncaptured by the output fiber. The light leaking out of that port, S
which is proportional to the actual power coupled into the output fiber, is sampled )
by a photodiode mounted in close proximity to the hole. The photodiode is posi-
tioned by set screws for optimum coupling. o]

(3) Stabilized Source Assembly - Figure 7 shows the machined housing assembly
which holds the diodes and output optical fiber. Twelve of these controlled-LED

source units were used to provide continuous, stable sources for up to twelve
circuits.

(c) Optical Detector - Since many tests were monitored dynamically, it was A
necessary to employ a detector which had sufficient sensitivity and speed to A
respond to the fastest event anticipated. The optical sources used in the
controlled-LED sources deliver enough power to the typical optical fiber that, even
with the connector insertion loss added, there was adequate power incident on the
detector to use relatively inexpensive silicon PIN photodiodes. Terminated in a
low impedance, this detector was quite adequate to meet all program requirements.
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Figure 6. Stabilized Light Source Diagram
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Figure 7. Stabilized Source Assembly




(d) Electronic Instrumentation - A block diagram of the instrumentation used
on this program is shown in Figure 8. The output of the optical detector/preampli-
fier for each channel was connected to two recording systems. A Gould/Brush Model
200 eight-channel strip chart recorder was used to record relatively slow events;
i.e., those which occur at low audio rates. The output was a real-time, paper
chart recording of the throughput optical performance of each channel, as well as
data pertinent to the stimulus. The other recording system began with a continuity
detector consisting of a fast threshold detector and latch. It sensed a change in
signal level, or momentary dropouts, that lasted 1 microsecond or longer.

The John
Controlied
LED
Sources
Stimulus Stimulus
Test
Chamber
Response Optical Response
Detectors/
E Preamplifiers
Continuity Gould/Brush 200
Detector 8 Channel Strip
(Fast Latch) Chart Recorder
b John Fluke 22408 Real Time
Data Logger Paper Chart Data
! ! RS-232C
Tektronix 4923
Digital Cartridge Paper Tape Data
Tape Recorder
! ! GPIB (IEEE-488)
Tektronix 4051 GPIB Tektronix 4631 Data
Desktop Hard Copy and
Computer Unit Results
GP43.0556.22

Figure 8. Instrumentation
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Fluke Model 2240B Data Logger scanned all data channels and their stimuli to give
an immediate print-out on paper tape of any anomalies. It also provided a digital
output for the permanent recording of all data on a Tektronix 4923 Digital
Cartridge Tape Recorder. The tape cartridge was then inserted into the Tektronix
4051 Desktop Computer system where the data was reduced, plotted, and printed on a
Tektronix 4631 Hard Copy Unit.

(4) 1Individual Component Tests — The components of the fiber optics inter-
connect system were tested individually to ensure maximum confidence in subsequent
testing of the components as an interconnect system. The first nine test sequences
covered the qualification of the epoxy, the fiber and cable, and the termination.

c. Test Matrix = The test matrix i{s shown in Table 10. This matrix provides

a summary of the tests performed, the sequence of testing, the method, the specimen
configuration, the test configuration, and the type of throughput measurement.

d. Test Rationale and Procedures - The test procedures detailed reflect a
broad spectrum of mechanical, optical, and environmental tests, including military
and industry standards, and tests based on electrical interconnect qualification
experience on fighter aircraft.

(1) Epoxy Hydrolytic Stability - Sequence 1

(a) Rationale - The epoxy used for contact termination must have chemical
stability under the long term, combined extremes of high temperature and humidity.

(b) Procedure - The MIL-1I-16923 test procedure was used. Cured specimens of
the epoxy were measured for Shore D hardness and for electrical conductivity. One
set of specimens was exposed to 120 days of 95% relative humidity at 160°F. The
other set was used as a control, remaining at laboratory ambient. The measurements
were repeated following the test exposure.

(2) Fiber Flex -~ Sequence 2

(a) Rationale - Installation of interconnect in an aircraft, particularly
fighter aircraft, may subject the cables to non-cyclic flexing that may be more S
extreme than the minimum bend radius requirement for the installed interconnect. S

(b) Procedure - DoD-STD-1678, Method 2010, Procedure I, Cyclic Flexing was
modified to provide a single 360° wrap around an 0.125 inch mandrel. Three fibers,
each 12 inches long, with buffer coating, were evaluated.

(3) Cable Indent/Flex - Sequence 3

(a) Rationale - Indent damage to cables may be incurred during installation,
or during the service life of the aircraft. When the damage occurs near the ]
connector, flexing of the cable during normal mating and unmating procedures may
cause fiber breakage. The test conditions were selected to duplicate failures of AR
bunch fiber cables, which had been experienced on the prototype YAV-8. R

B
(b) Procedure - DoD-STD-1678, Method 2010, Procedure I was modified to chauge 1
step 3. A 1.1 kg weight was dropped from a height of 1 inch onto the test cable b
positioned across the folded edge of a 2 1/4 x 1/8 inch piece of aluminum. The
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cable was then flexed 360° around an 0.125 inch mandrel with the indent located on
the outside of the bend. One test cycle was required.

(4) Cable Flex - Sequence 4

.(a) Rationale - Cable portions near connectors or routed across door hinges
are subject to repeated flexing. This test determines the cables' resistance to
cyclic flexing. The results represent prior testing; deviations from DoD-STD-1678
reflect an in-house flex test procedure.

(b) Procedure - DoD-STD-~1678, Method 2010, Procedure II was modified to use a
4.6 kg test mass and a bend mandrel radius of 5 times the cable outside diameter.
One thousand cycles were required.

(5) Cable Handling - Sequence 5

(a) Rationale - System malfunction will often be corrected by replacing the
"black box” to which the interconnect cable is attached. The cable is subject to
the unmating of the counector, pushing aside for box removal and replacement, and
for remating the cable to the box. This test simulates the handling the cable
undergoes during normal aircraft life. Since no standard test was available, a
procedure simulating the handling procedure was created.

(b) Procedure - DoD-STD~1678, Method 2060, Procedure I, modified to use the
Figure 9 apparatus. Prior to Step 2, the specimen was indented 1 inch from the
attachment point by the Sequence 3 method. Step 2 rotation was 360° and return at
18 RPM. The cable connector was fixed to the rotational arm which is 4 inches long
(8 inches in diameter). The cable twisted during rotation. The opposite cable end
of the cable was clamped 8 inches from the rotating arm on the same center line.

At the same time that the connector end of cable was rotating, the clamped end
moved horizontally 4 inches back and forth at a speed of 20 inches per second. A
cycle was defined as 360° rotation and return. Five thousand cycles were required.

Cclgfn'e t-————B - 12 in———=
N 360° || Shaft
P ——— 1 wotor

Test
Specimen

4 in. —~f
| :

AN

GP43-0556-24

Motor ¢==& IIIoIoIIITooiio Activation
~_~ Arm
Cam
18 ;p Fiber .
Optic -
Connector R
Mount S

Figure 9. Fiber Optics Cable Handling Test Setup
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Figure 23. Integrated Harness Tensile Test Setup

TABLE 11. EPOTEK #377 EPOXY HYDROLYTIC STABILITY DATA

Contro) Sample 160°F, 95% R.H. Sample

Resistance Hardness Resistance Hardness
(ohms) (Shore D) {ohms) {Shore D)

Initial 100 x 10" 15 100 x 10" 18
After 120 Days 100 x 10! 20 2.4 x 10" 20

GP43.0558-39
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Figure 22. Flex Test Setup

a. Fpoxy Hydrolytic Stability - Sequence 1 - This test established that
Epotek #377, a two part epoxy, is hydrolytically stable., After the 120 day
exposure to 95% relative humidity at 160°F, the hardness did not decrease more than
10%, and the electrical resistance was greater than 1 x 108 ohms. The data s
shown in Table 11.

b. Fiber Flex - Sequence 2 - Three samples each of company "X8" and company
"X3" fiber, with the buffer coating, were wrapped 360° around a 0.125 inch mandrel
without fiber breakage.

c. Cable Indent/Flex - Sequence 3 - The company 'X8" cable successfully
passed a 360° wrap around an 0.125 inch mandrel following {ndentation with a 1.1 kg
welght., Ten samples were tested without fiber breakage. The company '"X3" cable
was considered to have met this requirement in the Sequence 5 test.

d. Cable Flex - Sequence 4 — The company "X8" cable successfully passed 1000
cycles of cyclic flexing without fiber breakage. Comapny "X3" cable was considered
to have met this requirement in the Sequence 5 test.
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Figure 21. Specimens A and B Mounted for Sand and Dust Test

(a) Rationale - This test was performed to determine if the interconnect
system in an integrated harness configuration could meet the requirements imposed
upon an all-electrical wiring harness for use in a military alrcraft.

(b) Procedure - Specimen B was mounted in the tensile test machine. The
cables on each side of the mated MIL-C-38999 connectors were individually subjected
to the test per DoD-STD-1678, Method 3010, Procedure II, modified to test a
complete harness/connector specimen instead of a single cable. The load was
applied at a 1 inch per minute travel rate until a 100 pound load was recorded.
Travel stopped for 5 minutes and then continued until the load was again 100
pounds. Following a 1 minute travel hold, the load was again brought back to 100
pounds. Initial and final OPT measurements and continuous measurements were made
on each cable throughout the test. Figure 23 is a photograph of the integrated
harness tensile test set-up.

6. TEST RESULTS

NOTE: All results are considered acceptable unless otherwise indicated on the
individual test data tabulations.
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Figure 20. Direction of Mechanical Shock GP43.0556-35

(b) Procedure - Specimen A was mounted on the flex machine. A plate with the
connector mounted on it was positioned such that the top of the strain relief was
at the centerline of the flex arm. The open harness construction side of the cable
was flexed., The cable was put under 15 to 20 pounds tension, 9 inches from the
connector, by a compression spring. It was conditioned in -40°C ambient tempera-
ture for 1 hour and 45 minutes. Cyclic flexing was performed per DoD-STD-1678
Method 2010 Procedure II modified to allow the harness to flex at the connector
rather than over a specified mandrel. The flex arm was rotated 120° (60° each side
of center) at 30 cycles per minute for 200 cycles. Each cycle consisted of moving
the arm from the vertical position to 60° right of vertical; then back through
vertical; to 60° left of vertical; and back to vertical. The specimen was then
conditioned for 2 hours at an ambient temperature of 55°C and the flex test was
repeated. OPT measurements were made with the laboratory source and the continuous
monitor sources before and after the flex tests at room temperature. Contianuous
measurements were made throughout the flex test. Figure 22 is a photograph of the
flex test set up.

(21) Harness Flex at Connector, 55°C - Sequence 21
See Sequence 20.

(22) Tensile, Integrated Harness -~ Sequence 22
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Figure 18. Connectors Mounted Vertically on Mechanical Shock Machine

GP43-0558-34
Figure 19. Connectors Mounted Horizontally on Mechanical Shock Machine




(b) Procedure - The vibration test setup was placed on the mechanical shock
machine, with the specimens mounted on the vibration plate. Initial OPT measure-
ments were made with the jumpers connected.

A mechanical shock test was performed on the specimens in six directions per
MIL-STD-1344, Method 2004, Condition D, with continuous measurement of the detector
output voltage of each fiber optics circuit. Final OPT measurements were made with
and without jumpers at the conclusion of the test. Figures 18, 19, and 20 are
photographs of the mechanical shock test set-up.

(18) Thermal Shock - Sequence 18

(a) Rationale - This test was performed to determine if the interconnect
assembly could withstand the rapid, extreme changes in temperature that are
encountered in a military aircraft.

(b) Procedure - Specimen B was mounted on a mandrel with weights hung on the
cables on each side of the MIL-C-38999 connector. Specimen C was coiled and hung
on the mandrel rack. Initial OPT measurements were made after the specimens were
mounted. This configuration was subjected to a thermal shock test per MIL-STD-
1344, Method 1003, Condition A (5 cycles, =55°C to 85°C). Each cycle consisted of

[

+5°

the specimens being sub jected to one hour of -55+0 C ambient and one hour of 85_1°C

~5°
ambient with a maximum of 5 minutes transfer time between environments. After the
10 hour test (5 continuous cycles), the specimens were allowed to stabilize for 24
hours at room temperature. Final OPT measurements were made with the specimens in
the test configuration.

(19) Sand and Dust - Sequence 19

(a) Rationale - This test was performed to determine if the interconnect
system, in either the mated or unmated condition, would be susceptible to damage
from blowing sand and dust.

(b) Procedure - Specimen A was set up for the sand and dust test in the mated
configuration, and the connectors on specimen B were unmated. Initial OPT measure-
ments were made on specimen A after mounting, and on specimen B before mounting.
The cable ends opposite the MIL-STD-38999 connectors (SMA connectors) were coiled
and enclosed in a plastic bag for protection. This configuration was shipped to
Dayton T. Brown Research Laboratories where light was transmitted through each
circuit to verify continuity. The mounting stand was placed in the dust chamber
with the unmated specimen B connectors perpendicular to the air stream. The
MIL-STD-2020 Method 110 Condition A Sand and Dust Test was then performed. At the
conclusion of the test, the continuity was verified, and the specimens were
returned to MCAIR. Final OPT measurements were made on specimen A before removal
from the mounting stand. Specimen B was unmounted and cleaned before final OPT
measurements were made. Figure 21 18 a photograph of the sand and dust test
set-up.

(20) Harness Flex at Connector, -40°C - Sequence 20

(a) Rationale - This test was performed to determine if the interconnect

system, in a harness configuration, would be susceptible to damage due to flexure
at low or high temperature.
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Figure 16. Specimens A, B, and C Mounted on Vibration Plate
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GP43.0588-32

Figure 17. Vibration Plate Mounted on Vibration Machine
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Figure 15. Salt Spray Test Setup
(15) Vibration - Sequence 15

(a) Rationale - This test was performed to determine if the interconnect
system could meet the vibration requirements.

(b) Procedure - Specimens A, B and C were mounted on a 16 x 16 x 1/2 inch
aluminum vibration plate per MIL-W-5088. The gpecimen connectors were mounted on
1/2 inch angles which were bolted to the vibration plate. The cables were coiled
and clamped to the plate, and the SMA connector ends of the cables were terminated
into adapters mounted on small angles which, in turn, were mounted on the plates.
Initial OPT measurements were made with and without jumpers. The continuous
measurement equipment was then connected and continuous measurements were made
throughout the vibration test.

The vibration plate was mounted on a vibration machine head and vibrated along , -
the vertical axis per MIL-STD-1344, Method 2006, Series II1. The specimens were R
then vibrated along the vertical axis, to aircraft gunfire requirements per MDC S
Repcrt A3376, Section 4.2.8. Final OPT measurements were made with and without
jumpers. Figures 16 and 17 are photographs of the vibration test set-up.

(16) Vibration, Gunfire - Sequence 16

See Sequence 15.

(17) Mechanical Shock - Sequence 17

(a) Rationale - This test was performed to determine if the interconnect
system could meet the mechanical shock requirements.
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Figure 14. Humidity Test Setup

(14) Salt Spray, Unmated - Sequence 14

GP43-0556-29

(a) Rationale - This test was performed to determine if the interconnect
system could meet the salt spray requirements considered important in flight

qualification for high performance military aircraft.

(b) Procedure - Initial OPT measurements were made on harness specimens B and
C. Specimen B was unmated and tied to a salt spray rack as shown in Figure 15.
The connector halves were positioned horizontally, and the SMA terminations were
covered. Specimen C was coiled, and {ts SMA terminations were covered. These two
specimens were exposed to salt spray per MIL-STD-1344, Method 1001, test Condition
B (5% salt solution, 48 hours). After the salt spray test, the specimens were
gently washed in running tap water and dried in a circulating air oven at a
temperature of 38°C + 5° for 12 hours. OPT measurements were then repeated.

35

- . . - BT TR AT S I T L SR YL B T T AU B}
R T I I S S S i T PR P S -
- e o™

LI FTLI N -
LR S . N

,
PP i S S




1581 Aipiwiny jo uonejuesesdey |eojydesn g sinbyy

S 8Z2-95S0€vdO
9 ve €2 ¢2 L2 02 61 8L ZL 9L SL vL €L 2L LLOL 6 B8 L 9 G v € ¢ L O
- pajioads
- sawi] | 1eaday ‘SINOH p2 9j9A) auQ 3SIMIBYIQ SSOIUN T—=
1 T T 1 I 31047 15414 0) Jo1d
- L 1 dais g daig{ig dais | v dais L ¢ dais |12 daig | dais
. |
:
.. j 2 431 Buung
3 ! L daig I(. Pajjouodun Aupiuny S3joA9
.. iy - 6 1114 8y} jo  Auy Buung -
g ﬁ - T -_— pawiopayd  daig M_
| _ 1aquiey? 3y} jo WNOA Byl Sawl| G o <
| _ 0} Judieainb3 apnuiw 1ad ajey 21gnN7 WNWIUIN )
— _ e e ag jieys sy Buuompuod Jo uoneinong S
] 1 1
Jot SIUBWAINSEAW [ely| 0¢
- - e " J:01 + —-A_|. G2 %
/ * / % 0¢ aimesadwa)
SIUBWBINSEIW 1%
31947 [eutj Jo pu3 —
59553201 Buiuoipuo)-Jaquiey) wol4 Pajj0J3uodufn ov
189y lueipey 0} pajasigng ag 10N jieyg suswidads Aipuny 114
L *13A3MO} ‘paiyinadsun s) aimesadwa) jo abueyn jo aley N 05
| 5

SINOH 2 09
uang Aig e ur 9

9 - o, - o (R —e Buiuoiipuo)
HY %86 - 06 v F+HY %86 - 06 —= ” =—HY %86 - 06 il of

H
= %86 - 06 %86 - 08




GP43.0556-27

Figure 12, Tensile Pyl - Split Connector Clamp and Mounting 3‘: N

Humidity - sequence 13 R

(13)

Comnected. The continuoyg Weasuring equipment yag attached. Figure 13 is a
8Taphical Tepresentat{op of the ten cycle humidity and temperatyre Vs time plot
that wag followed. After the test and 24 hours of room temperatyre stabilization,

OPT Measurements were Fepeated with apg without jumperg, Figure 14 1g 4 Picture of o
the humidity tege set-up, e
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Figure 11. Tensile Pull *-. “hamber




(8) Tensile, Individual, Room Temperature - Sequence 8

(a) Rationale - Measurements were made to determine the mechanical reliabil-
ity of the termination under tensile pull forces at room temperature.

(b) Procedure - The test was performed per DoD-STD-1678, Method 3010, Proce-
- dure II. The tensile load was applied at a rate of one inch per minute. The OPT
= was monitored continuously during the load application.

i (9) Tensile, Individual, =55°C - Sequence 9 :

(a) Rationale - Measurements were made to determine the mechanical reliabil-
ity of the termination under tensile pull forces at -55°C.

(b) Procedure - The test was performed per NOD-STD-1678, Method 3010,
Procedure II as described in Sequence 8. Figures 11 and 12 are pictures of the
E—- tensile test set-up.

ol

(10) Maintenance Aging - Sequence 10

(a) Rationale — The Maintanence Aging test was performed to determine if the
mated pair interconnect system was able to meet the requirements of the MIL-C-38999 -
electrical connector specification. -

(b) Procedure — The test was performed per MIL-STD-1344, Method 2002. The
fiber optics contacts were removed and inserted following every 50 matings and
unnatings of the durability test, for a total of 10 Maintenance Aging cycles. OPT
measurements were made at the conclusion of each Maintenance Aging cycle.

(11) Durability - Sequence 11

(a) Rationale - The Durability test was performed to determine if the mated
pair interconnect system would meet the requirements of the MIL-C-38999 electrical
connector specification.

(b) Procedure - The test was performed per MIL-C~38999, Section 4.7.7 for 500 .
cycles. The forces required to insert the pins and sockets were recorded. The con- -
nector was mated and OPT measurements taken. At the conclusion of the test, the
insertion forces were again measured and OPT measurements taken.

(12) Temperature Life - Sequence 12

(a) Rationale - The Temperature Life test was performed to determine {f the
cable-contact system was capable of withstanding prolonged exposure to the high
temperatures encountered in a fighter aircraft.

(b) Procedure - Specimens A and C were subjected to a 1000 hour temperature
life test at 125 + 5°C ambient. Specimen A was mounted on a 6 + 0.25 inch diameter
mandrel with 15 pound weights hung on the cables on each side of the MIL-C-38999
connector. The cable ends opposite the connector were brought out of the chamber.
Jumper cables were attached to these ends to provide continuous monitoring of the
MIL-C-38999 fiber optics contacts. Specimen C was coiled with the SMA connectors
capped and hung in the chamber. After the 1000 hour test and 24 hours of room

temperature stabilization, OPT measurements were made on all cables with the jumper
cables disconnected.




(6) Termination Fvaluation - Sequence 6

(a) Rationale - The assembly of five fiber optics contact terminations
provided familiarization with termination procedures. During the fabrication, the
susceptibility to bench handling shocks was assessed. Installation and removal of
contacts from the connector insert was evaluated to identify any differences from
the procedures used for electrical contact terminations. Since no standard test
was available, a procedure simulating bench handling shock was created.

(b) Procedure - The cables were subjected to termination impact tests. Each
pin and each socket end of each fiber optics cable was attached to a steel leaf and
impacted against a steel plate. The cable was taped to the leaf eight inches from
the pin or socket, and the leaf was raised six inches above the impact surface and
then released to allow the pin or socket to strike the impact plate. Final OPT
measurements were made after six impacts of each contact. Figure 10 is a drawing
of the termination evaluation test set—up.

12 in. Scale

Clamped in Vertical Position \

23in. — 8 in.

| — 6 in. Mark
on Scale

Precision Ground
Low Carbon Steel
116 in.x1in.x24 in.

Plate

GP43-0556-25

Figure 10. Termination Evaluation Test

(7) Insertion Losses — Sequence 7

(a) Rationale - Measurements were made on sixteen cables before and after the
installation of the MIL-C-38999 pin and socket contacts in order to determine the
insertion loss of the pins and sockets. EIA insertion loss test procedure FOTP-34

had not been completed, so the procedure used followed the FOTP-34 proposals at
that time.

(b) Procedure - Each cable was assembled with an SMA connector on each end.
OPT measurements were made on each cable. FEach cable was cut in half. The connec-
tions to the source and detector were not disturbed. A pin contact was installed
on the free end of one segment, and a socket contact was installed on the fre2 end
of the other segment. The pin and socket were then mated in a MIL-C-38999 con-
nector and Optical Power Throughput (OPT) measurements were made. The difference

in losses before and after the pin-socket installation is defined as the insertion
loss of the contact pair.

30




Cable Handling - Sequence 5 - The test results indicate that the cables

€.
tested are capable of withstanding repeated mating and unmating operations due to

"black box" servicing conditions. The test was passed with a Sequence 3-type
indentation in the cable near the connector, The test data is listed in Table 12.

TABLE 12. CABLE HANDLING TEST DATA

Travel Rate
Cable - Cycles Optical
Source Horizontal Rotational Performed change
(in/sec) (RPM)

X8 20 18 5,500 0
X3 20 18 5,500 0
GP43-0556-40

f. Termination Evaluation - Sequence 6 - This test resulted in refined
termination procedures, which were incorporated into the fabrication specification.
The insertion/removal experience that was gained produced a recommendation for the

use of insertion tools.

The bench handling susceptibility data is shown in Table .3,

TABLE 13. BENCH HANDLING SUSCEPTIBILITY DATA

Pin and Socket Pin and Socket
Cable Mated Without Connector in Mated Connector
Number Initial _ Final initial  Final
(dBu) (dBu) (dBu) (dBu)
X1A-X1D 119 10.3 10.6 10.2
X2A-X2D 118 12.8 12.0 12.7
X3A-X3D 11.3 101 11.0 9.1
X4A-X4D 8.4 8.8 9.1 9.1
X5A-X5D 12.4 12.4 12.3 12.2

GP43-0556-41

g. Insertion Losses — Sequence 7 — This test resulted in improved epoxy
procedures for the assembly of the cable-contact system. The losses attributed to
the insertion of the pln-socket contact pair are shown in Table 1l4.

h. Tensile, Individual, Room Temperature - Sequence 8

See Sequence 9.

i. Tensile, Individual, -55°C - Sequence 9 - This test indicated that the

fiber optics terminations could withstand tensile pull forces at least as great as
those that can be withstood by 26AWG electrical wire,
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TABLE 14. INSERTION LOSS DATA

Optical Power Transmission (OPT)

Lead With SMA's Lead With SMA’s Insertion

IdentLﬁil:::tion SLG:?SVS:‘? and Pin-Socket and Pin-Socket in Loss
y Inserted MIL-C-38999 Connector  (dB)
(dBu) (dBu) (dBu)
B1B1 - B2B1 117 11.4M 116" 10.2@ 15
C1B1 - C2B1 19 10.8 106 1.3
C1P1 - C2P1 13.8 10.4 10.8 2.0
! B1P1 - B2P1 13.2 105 10.7 25
§ B1B2 - B2B2 1.7 10.4 10.1 16
C1B2 - C28B2 12.3 115 128 -
L C1P2 - C2P2 13.1 115 12.7 04
B81P2 - B2P2 143 10.7 10.4 39
B1B3 - B2B3 11.8 10.1 9.9 19
C1B3 - C2B3 12.7 8.1 105 22
C1P3 - C2P3 126 10.3 11.2 1.4
f B1P3 - B2P3 13.2 10.5 1.1 21 -
:. B1B4 - B2B4 12.0 95 98 22
s C1B4 - C2B4 13.2 1.4 10.8 24
3 C1P4 - C2P4 13.3 11.20 1.3M 11.90 14
- B1P4 - B2P4 13.3 1.0 109 24 .
- B Control 13.0 -
P Control 12.7
X1A - X1D 13.0 11.2 1.8
X2A - X2D 13.2 1.1 21
X3A - X3D 136 1.4 22
X4A - X4D 13.0 115 15 .
X5A - X5D 14.1 12.4 12.4 19 ‘

Notes
(1) Protruding tiber
(2) Reptaced SMA connector
(3) Replaced “NN" pin

GP43-0556-42

The tensile pull data for the individual samples are shown in Table 15, and a
summary of the break forces required to destroy the cable-termination system is
shown in Table 16. Figures 24 and 25 are a graphical representation of the
Sequence 8 and 9 test results.

j» Maintenance Aging — Sequence 10 - The insertion force data is shown in
Table 17. See Sequence 11 for additional data.

k. Durability - Sequence 11 - The OPT and the insertion force data for the
individual specimens, a summary of change in losses, and a summary of the physical
condition of the interconnect system are shown in Tables 18, 19, and 20.

1. Temperature Life - Sequence 12 - Initial-final measurement data is shown
in Table 21, continuous monitor plots are shown in Figure 26, and a summary of the
test data 1s shown in Table 22,

el e e e
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TABLE 15. INDIVIDUAL TENSILE DATA

Maximum

i Line’ rompere e ST commens i
B2B3 11.25 R.T. 375 0.642 e
B2P3 11.25 RT. 210 0.685 - 7
C2B3 11.25 R.T. 65.8 0.722
C2P3 11.25 R.T. 385 2.069
X18 16.00 R.T. 32.0 1.006 Socket Separated
X1C 16.00 R.T. 111.0 1.812 Socket Separated -
X28 16.00 R.T. 61.0 1.321 Epoxy Bond Failed
X2C 16.00 R.T. 125 0.656 Epoxy Bond Failed
X3B 16.00 R.T. 845 0.709 Socket Separated
X3C 16.00 R.T. 166.5 1.218 Epoxy and Strength Member Failed
X4B 16.00 RT. 385 0.600 Strength Member Failed ‘-'
X4C 16.00 RT. 75.0 0.792 Epoxy and Strength Member Failed ’
X5B 16.00 R.T. 66.5 1.420 Connector Separated
X5C 16.00 RT. 940 1.763 Strength Member Failed
B1B3 11.25 -55°C 56.5 0.430 Jel
B1P3 11.25 - 55°C 100.2 1.037 -
c1B3 11.25 -55°C 947 0.666 '
CiP3 11.25 -55°C 447 0.630

Note: (1) Data lost - tape matfunction

GP43-0556-43

TABLE 16. BREAK FORCE SUMMARY

Br;ak Force (Ib)

Preliminary
@ RT. @ RT. @ ~55°C

Connector Cable

“pD” “X8" 32,111,67,94 21 100 )

“pD" “X3" 85, 167 32 57 T
“NN" “X8” 61, 13* 39 45 N
“NN" “X3" 39,75 66 95 .

‘Poor epoxy adhesion

GP43.0556.46
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Figure 24. Tensile Test Data, Individual; Room Temperature




PN P
AT At e

dB

a8

d8

B1B3
-3.0
-6.0
90 1 | | !
nn 22.88 34.06 4523 56.40
Tensile - Ib
3.0
B1P3
0
-390
-6.0
Y | l |
0 21.18 41.52 61.88 82.24 102.00
Tenstle - Ib
3.0
cipP3
0 4
-3.0
-6.0
90 | l 1
6.98 17.35 25.72 34.00 42 48
Tensile - 1

GP43.0556-45

Figure 25. Tensile Test Data, Individual

-55°C
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TABLE 17. MAINTENANCE AGING TEST RESULTS

Procedure - MIL-C-38999 Termination Insertion Force
Requirement - Less Than 20 ib

Force to insert (Ib)
Specimen  Test Circuit First Tenth
Insertion Insertion

Lanyard BB-Y Pin 4.0 25
BP-X Pin 33 2.7
cB-v Pin 5.0 28
CP-AA Pin 45 3.0
BB-Y Socket 45 3.0
BP-X Socket 8.0 .
cBv Socket 5.0 30
CP-AA Socket 7.0 4.0

‘Alignment sleeve could not be removed
GP43-0566-47

m. Humidity - Sequence 13 - Initial-final measurement data is shown in Table
23, a summary of the test data is shown in Table 24, and continuous monitor plots
are shown in Figure 27.

n. Salt Spray, Unmated, Sequence 14 - The pre- and post-salt spray test OPT
measurements are shown in Table 25, The two circuits with the company "NN" pins/
sockets failed. The OPT measurements are shown before and after these circuits
were repaired. A second salt spray test was run, and the data is also reported
below. This test was performed on the replacement pins/sockets after they had been
through vibration, mechanical shock, thermal shock, sand and dust, and integrated
harness tensile tests. The only fallure resulting from the salt spray test was an
SMA connector with a protruding fiber (pistoning) on the C2B2 cable. A summary of
the change in losses for the test specimens is shown in Table 26.

o. Vibration ~ Sequence 15 -~ OPT data measured with the UDT #S550 meter, and
the OPT continuous measurement data, are shown in Table 27. The continuous
measurement data figures are each comprised of three curves: 3-hour sinusoidal,
gunf ire random, and gunfire sinusoidal. These results are given in graphical form
in Figures 28 through 36. Optical power transmission was not significantly
changed. There were no discontinuities of 1 microsecond or greater, no loosening
of the connectors at the mating point or of the backshells. A summary of the
changes in losses for the test specimens is shown in Table 28.
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TABLE 19. MAINTENANCE AGING AND DURABILITY TEST RESULTS
MIL-C-38999 10 Insert-Removals and 500 Mate-Unmates

Change in Losses (dB)

Specimen c!:ﬁsu‘il Number of Durability Cycles (Mate/Unmate)()
0 50 100 150 200 250 300 350 400 450 500
Lanyard BP-X 0 -06 +06 —07@ 4183 4+15 405 +1.2 +12 +15 +06
BB-Y 0 -0.6@ +3.0 0 +3.4 +3.1 +24 +1.7 +1.7 +21 +40
CB-Vv 0 +0.5 +0.3 -0.1 +0.2 +02 -08 -04 -04 —-13 -05
CP-AA 0 +0.2 -0.8 -0.9 -1.1 -06 -04 -—-06 -05 402 -04
Number of Maintenance Aging Cycles (Insert/Remove)
0 10
Non-Lanyard BB-X 0 -03
BP-Y 0 +1.2
rB-AA 0 —-0.1
cP-y 0 +0.3

Notes
(1) Measurement atter each 50 mate/unmate cycles plus one contact removal-insertion
(2) Spacer teh out of akgnment sieeve - replaced with new sleeve
3} Augnment sieeve could not be removed Test continued without maintenance aging sleps.

CB and CP Acceptable

GP43-0556-49
TABLE 20. INTERCONNECT PHYSICAL CONDITION
MIL-C-38999 10 Removal-Insertions/500 Mate-Unmates
inner Strength Outer ]
- Optical Jacket Member Jacket )
Specimen  Test Circuit o/ vinuity Attached  Attached Flush .
to Contact to Contact With Contact o
Lanyard BP-X  Pin X X X e
BB-Y  Pin X X X el
cB-v Pin X X X X s
CP-AA Pin X X X X - ]
BP-X  Socket X o
BB-Y  Socket X X N
CB-V  Socket X X X R
CP-AA Socket X X )
— - Y
GP43.0556-50 "_‘-a
i
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TABLE 21. TEMPERATURE LIFE TEST DATA

Optical Power Transmission (OPT)

Identification N Initial With  Final With . Change()
Number Initial(! Jumpers(2) Jumpers'® Final() (dB)
(dBu) (dBu) (dBu) (d8Bu)
B1B1; B2B1 9.5 12.4 133 11.4 +19
B1P1; B2P1 9.7 15.2 139 76 -241
C18B1; C2B1 10.9 123 122 11.2 +0.3
C1P1; C2P1 10.6 15.8 149 94 -1.2
Control 12.2 12.6 -0.4
Notes:
(1) Before mounting on mandre! with iab source and UDT $550
(2) Atter mounting on mandrel with a continuous monitor source and UDT $550.
The source was not disconnected until final readings were made.
{3) Initial to final
GP43-0556-51

TABLE 22. TEMPERATURE LIFE TEST RESULTS

Change in Losses (dB)

Specimen  Test Circuit At sStart of After 1,000 hr
RT. 125°C @ 125°C

Non-Lanyard B88-X 0 -08 -08
BP-V 0 -18 -18 '
CB-AA 0 -01 +03
cP-Y 0 -06 -06

GP43-0556-52
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Figure 26. Temperature Lite Test Data
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TABLE 23. HUMIDITY INITIAL-FINAL MEASUREMENT DATA

identification Initial Test Initial Test Final Test Final Test
Number Without Jumpers(!?  With Jumpers®  With Jumpers@  Without Jumpers(!

v (dBu) (dBu) (dBu) (dBu)

B1B2 - B2B2 95 11.8 12.7 10.5

B1P2 - B2P2 12.4 12.6 11.9 12.6

C1B2 - C2B2 98 13.9 14.2 120

C1P2 - C2P2 10.6 13.7 13.6 115

Control B 12.6 15.3 53 6.00

Notes:

(1) Laboratory Source and UDT S550 Detector

{(2) Continuous Monitor Source and UDT $550 Detector. (Source was not
turned off or disconnected between initial and final readings.)

(3) Fiber broke in one SMA connector

GPA30558-55

TABLE 24. HUMIDITY CYCLING TEST RESULTS
MIL-C-38999, MIL-STD-1344  Method 100211 10 Cycles 95% R.H.

Specimen  Test Circuit  Change in Losses

(dB)

Lanyard BB-Y -1.0
B8P-X +0.2

cB-v -22

CP-AA -0.9

GP43.0556-56
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TABLE 25. SALT SPRAY TEST DATA

OPT After OPT After

Identification Initial OPT Final OPT Cleaning Repair(")

Number {dBu) {dBu)

(dBu) (dBu)
B1B2 - B2B2 111 108 10.8 11.4
B1P2 - B2P2 12.2 129 12.6 11.4
C1B2 - C2B2 10.9 4.2 6.5 9.3
C1P2 - C2P2 12.1 48 6.0 129
P Control 139 134

Note: (1) C1B2 and C2P2 replaced
GP43.0556-59

TABLE 26. SALT SPRAY TEST RESULTS
MIL-C-38999, MIL-STD-1344/1001B 5%, 48 Hr

Change in Losses (dB)

Specimen Test Circuit Mmated After  Mated After
Water Rinse Solvent Cleaning

Lanyard BB-Y +03 + 1.1
BP-X -07 ~0.2
cB.v +12 +0.5
CP-AA -04 0

GP43.0556-80
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TABLE 27. VIBRATION OPT DATA

Test L
Identitication i 2 lnSBI P:st PSLt
Number w":,?;:;: 53:,1,;8,5(1) wli;‘,:'?,'m(:::,sm Vibration OPT Vibration OPT Vibration OPT ,
With Jumpers2  With Jumpers®  Without Jumpers'?)
(dBu) (dBu) {dBu) (4Bu) (dBu)
B1B1 - 8281 10.4 2.9 10.3 10.3 106
81P1 - B2P1 7.8 1.7 6.4 7.9 66
C1Bt - C281 10.4 41 9.0 8.5 10.3
Ci1Pt - C2P1 8.8 7.4 12.3 127 9.8
8182 - B2B? 99 8.3 15.5 15.3 99
B1P2 - B2P2 12.0 6.0 7.2 7.4 12.4
C1B2 - C2B2 106 47 1" 11.0 99
C1P2 - C2P2 1.5 6.8 12.6 13.4 129
Control P 13.6 10.5 14.7 14.8 119_ -
ores S

1y L abcratary Controlled Source ang UDT $550 Detector

{21 Conbngous Sources ang UDT $550 aetector
Continynus Sources were not disconnected between Test 3 and 4
Contingous Sources were not disconnected between Test 6 and 7

GP43-0556-61

p. Vibration, Gunfire - Sequence 16

See Sequence 15.

q. Mechanical Shock - Sequence 17 - The OPT measurement data is shown in
Table 29. The data taken from a UDT #S550 meter and from the continuous monitor
detector data from the oscillograms is shown in Table 30. This data shows the
maximum dB change, duration of change, start and finish dB level, and peak-to-peak
dB ripple. A summary of the changes in losses is shown in Table 31.

r. Thermal Shock - Sequence 18 — The initial and final OPT data is shown in
Tat le 32, A summary of the changes in losses is shown in Table 33. The SMA
cornnector on cable C1B2 developed a pistoning fiber during the test. The control
cabie exhibited a 1.8 dB loss that was eliminated by straightening the cable.

s. Sand and Dust - Sequence 19 - Initial and final OPT data is shown in Table
34. A summary of the test data is shown in Table 35.

t. Harness Flex at Connector, —-40°C - Sequence 20 - Initial and final OPT
data is shown in Table 36, Continuous monitor data is shown graphically in Figures
37 and 38. A summary of the test data is shown in Table 37.
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TABLE 36. FLEX TEST DATA

L Initial Data Post Data Ambient
Identification (@Buy® (dBuy® (@Bu)@ ‘-(dBu)(_‘ ; Temz’eé'?ture
B1B1 - B2B1 10.5 16.3 16.1 1.7 +55
B1P1 - B2P1 88 14.2 15.3 9.3 +55
C1B1 - C2B1 1.1 15.5 15.9 11.4 +55
C1P1 - C2P1 6.5 14.2 14.6 8.4 + 55
B1B1 - B2B1 11.2 15.8 15.5 10.8 —-40
B1P1 - B2P1 8.2 14.5 14.4 8.4 - 40
C1B1 - C2B1 11.0 15.7 14.2 9.9 - 40
C1P1 - C2P1 8.2 14.0 13.5 6.9 -40
Notes:

(1) UDT $550 Power Meter Reading with Laboratory Source
(2) UDT $550 Power Meter Reading with Continuous Monitor Sources

GP43-0556-79
TABLE 37. FLEX TEST RESULTS
DOD-STD-1678 Method 2010 Ii Modified* 4
Change in Losses (dB) S f:
Specimen  Test Circuit .

—40°C Exposure + 55°C Exposure

Non-Lanyard BB-X +0.3 +0.2
BP-V +0.1 - 1.1 ]
CB-AA +15 -04 »
CP-Y +05 -04 e
— Free flex, no mandrel ]
— 120° flex b
— Connector mounted on cemertine of flex arm DR
— 200 cycles N

e 2
o 'a s ‘ala_m e

15 Ib tension load

GP43.0556-84
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TABLE 34. SAND AND DUST TEST DATA

Initial Data Post Data
Identification : S
(dBu) (dBuy" (dBu)@ (dBuy®
Specimen A
(Non-Lanyard)
B1B1 - B2B1 10.3 116
B1P1 - B2P1 76 7.8
C1B1 - C2B1 10.7 11.0
C1P1 - C2P1 85 8.0
Specimen B
B1B2 - B2B2 105 4.4 10.0
B1P2 - B2P2 9.7 6.0 1.1
CiB2 - C2B2 11.3 10.2 113
C1P2 - C2P2 110 8.9 97
Notes:

(1) Specimen A was mated during test. These readings were imade
before unmating.

{2) Specimen B was unmated during test. SMA connectors were cleaned with
Freon and wiped with a tissue. MIL-C-38999 conneclor was cleaned by blowing
with dry air.

(3) MIL-C-38999 connector was cleaned with Freon and wiped with a tissue.

QP43-0558-77

TABLE 35. SAND AND DUST TEST RESULTS
MIL-C-38999, MIL-STD-202 Method 110A

Change in Loss (dB)
Alter After Unmated Exposure

Mated  pry Air Clean  Solvent Clean
Exposure gefore Mating Before Mating

Specimen  Test Circuit

Non-Lanyard BB-X -13
8pP.v -02
CB-AA -03
CP-Y +05
Lanyard 8B-Y +6.1 +05
BP-X +37 -14
CB-v +1.1 0
+13

CP-AA +2.1

GP43.0558.78

L ——

g g




TABLE 31. MECHANICAL SHOCK TEST RESULTS
MIL-C-38999, MIL-STD-1344  Method 2004D

Change in Losses

Specimen Test Circuit (dB)
Non-Lanyard BB-X +03
8PV -14

CB-AA +05

CP-Y +0.5

Lanyard BB-Y -01
BP-X +0.3

CB-v +1.2

CP-AA +1.2

GP43-0556-74

TABLE 32. THERMAL SHOCK DATA

Ide::li:'i‘%a;rion Mle':;iuarle?ngns Me'::::e?'rm\ts
(dBu) (dBu)
B182 - B2B2 10.1 10.4
B1P2 - B2P2 12.4 10.9
CciB2 - C2B2 8.7 10.3(M
CiP2 - C2P2 11.0 114
Control P 13.4 11.69@

Notes:
(1) The SMA on the C1B2 cable had a protruding
fiber (Pistoning).
(2) Cable was stretched and readings up to 14.0 dBu
were achieved.

GP43-0556.75

TABLE 33. THERMAL SHOCK TEST RESULTS
MIL-C-38999, MIL-STD-1344  Method 1003A

Change in Losses

Specimen Test Circuit @B)
Lanyard BB-Y -03
BP-X +15
CB-V -16
CP-AA -04
QP43.0556.76
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TABLE 28. VIBRATION TEST RESULTS
Method 2005 Il and
Fighter Aircraft Gunfire, MDC A3376, Section 4.2.8

MIL-C-38999, MIL-STD-1344

- RiER. APt i Sk Dute Sneh St aoek o 2 aue o nud-nthaal g

Change in Losses

Specimen Test Circuit (dB)

Non-Lanyard B88-X 0
BP-V -15
CB-AA +0.5
CP-Y -04

Lanyard BB-Y +0.2
BP-X -0.2
CB-v 0 .
CP-AA -08

Notes:

1. No discontinuities of 1 usec or greater
2. No loosening of connector backshells
GP430556-71

TABLE 29. MECHANICAL SHOCK OPT DATA

1 2 3
Pre-Shock OPT Post Shock OPT Post Shock OPT

4
Post Shock OPT

With Jumpers®  With Jumpers@  With Jumpers®"  Without Jumpers("

(dBu) (dBu) (dBu) (dBu)

10.6 10.6 25 103

7.3 8.7 24 4.3%

129 124 7.3 9.4

131 12.6 7.6 8.1

16.1 16.0 8.5 9.5

143 137 7.7 11.2

10.9 97 37 9.0

14.3 13.7 7.7 119

; 15.4 15.3 10.1 134

Notes:

{1) Laboratory Controlied Source and UDT 5550 Detector
(2) Continuous Sources and UDT $550 Detector
Continuous Sources were not disconnected between Test 3 and 4
Continuous Sources were not disconnected between Test 6 and 7
{3) SMA on B1P1 had Protruding Fiber (Pistoning)

GP43-0556-72
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| u. Harness Flex at Connector, 55°C - Sequence 21

See Sequence 20.

v. Tensile, Integrated Harness — Sequence 22 - Load and travel data are shown
in Table 38. Tensile test data is shown in Table 39. Continuous measurement data A :
curves are shown in Figures 39 and 40. A summary of the test data is shown in {;:_
Table 40. R
TABLE 38. LOAD AND TRAVEL DATA : ®
Time Load Travel
Connector (min) (b) (in.) A
Straight (B) 0 100 0.263 -
15 63 0.263 ®
20 62 0.263
5.0 60 0.263
5.0 100 0.284
6.0 73 0.284
Right Angle (B) 0 100 0.269 o
15 77 0.269 -
2.0 76 0.269 N
5.0 74 0.269
5.0 100 0.286 =
6.0 87 0.286 L
GP43-0556-85 ’ !
TABLE 39. TENSILE TEST DATA :'.::‘_.
o
Load Load .
Initial Data Post Data Travel L r'pock ravelat oo ek
identiication 5 at100ib TN 2nd 100 b LT
(@dBuf"  (dBuf?  (dBuf®  (dBufV  (in,) (Ib) (in) 1b) e
B1B2 - B2B2* 9.8 15.1 15.1 10.7 .
B1P2 - B2P2 9.5 17.8 17.2 10.2 0.283 59.5 0.284 73.0
ci1B2 - C2B2* 10.4 15.1 14.5 10.5 -
C1P2 - C2P2* 8.7 16.5 16.4 9.2 N
B1B2 - B2B4* 8.4 13.9 12.0 78 SR
- . 1. . . : - 9
B1P2 - B2P4 117 18.9 18.4 12.5 0.269 735 0.286 87.0 -
c1B2 - C2B4* 9.3 134 13.6 8.9 S
C1P2 - C2P4" 10.2 16.4 16.3 10.1 ;'.:.;1;-_
Notes:
* Side of 38999 Connector under test -
(1) UDT S550 Power Meter Reading with Laboratory Source ’
(2) UDT S550 Power Meter Reading with Conti uous Monitor Sources
GP43.0556-86
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TABLE 40. TENSILE TEST RESULTS
DOD-STD-1678  Method 3010 Il Modified 100 Lb Load

. ~ Change in Losses (dB)
é?éc*ﬂeﬂ _,,“TéStc"t“" 100 Ib Pull
Lanyard BB-Y Pin 0
BP-X Pin +06
cB-v Pin +0.6
CP-AA Pin +0.1
BB-Y Socket +19
BP-X Socket +0.5
cB-v Socket -0.2

+0.1

GP43-0556-89

7. MAINTENANCE/REPAIR PROCEDURES

a. General - The maintenance and repair of fiber optics Interconnect in the
shop and in the field presents no unusual problems. These procedures have been
documented in specification 1760-PS3 entitled "Maintenance/Repair Procedures,
Aircraft Fiber Optics Interconnect.” This specification is provided in Appendix H.

b. Fiber End Cleanliness - The MIL-W-5088 requirements for wiring of aero-
space vehlcles are also basic for fiber optics interconnect. However, the emphasis
1s focused on different areas than on the electrical interconnect. Cleanliness
becomes critical with fiber optics, both 1In fabrication and in maintenance. Clean
components are a necessity to achleve proper epoxy adhesion of the glass fiber to
the terminating contact. The 100 micron glass core which transmits the information
can be compromised by a single dust particle since the average dust particle 1s 50
microns in diameter. Therefore, protection of the polished fiber ends is necessary
whenever they are not mated.

¢c. Slack Cable Storage - The requirement to provide extra cable for future
retermination becomes more important with fiber optics interconnect, since excess
slack may be stored by folding the cable back on itself. A clamp over this fold
back could cause fiber hreakage when a fiber optics cable is heing stored.

d. Mating Tolerance - The axial mating tolerances of the electrical contacts
are considerable when compared to the 0.001 inch gap tolerances of the fiber junc-

tions employed in this system. Proper mating of connectors is stressed in fiber
optics Interconnect.

e. Splices - Unauthorized fiber optics cable splices are prohibited for the
same reason that electrical cable splices are controlled; i.e., to ensure that
losgses do not exceed design limitations.

f. Damage Repair - The cable qualified in this program is very durable as
demonstrated by the flex with cable indentation testing. Limited repair of cable
damage has been provided by tape or sleeving buildup where the outer jacket and
strength member have been damaged.

o,
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g. Troubleshooting - The diagnosis and correction of faults is different for
fiber optics than for electrical circuitry. A trouble correction procedure has

been provided in specification 1760-PS3. ‘“‘_
-t

h. Field Termination -~ The field termination of fiber optics cables is
essentially the same as shop termination. Epoxy cure will probably be accomplished T
with a heat gun rather than an oven. Polishing introduces no unusual problems ?;{:

except for providing control of the water runoff used in the polishing procedure.
Because of possible limitations in space and access, the termination time of a
single contact could be expected to take longer than the 40 minutes elapsed time
necessary for a bench termination. Most of the elapsed time 1s epoxy cure time;
the manhour time is about 11 minutes.

i. Training ~ The differences between fiber optics and electrical intercon-
nect are not great, but they are sufficlent to require that personnel maintaining
fiber optics interconnect be trained. This is a requirement of specification

j. Maintenance/Repair Specification - Specification 1760-PS3 contains the
information necessary to maintain and repair the fiber optics interconnect during
its field service 1ife. This data is based on the fabrication and test experience
derived from this program, as well as experience gained on the fiber optics inter-
connect system currently in operation on the production AV-8B aircraft.

8. SPECIFICATION DEVELOPMENT

Specifications have been developed to provide the data necessary to fabricate,
install, and maintain the fiber optics interconnect. They are provided in
Appendices B through M.

a. Component Specifications

1760-CS1 Fiber Optic Cable
1760-CS2 Fiber Optic Pin Contact, MIL-C-38999, Series I1II, #16
1760-CS3 Fiber Socket Contact, MIL-C-38999, Series III, #16

b. Process Specifications

1760-PS1 Interconnect, Fiber Optics, Fabrication of
1760-PS2 Interconnect, Fiber Optics, Installation, Aircraft
1760-PS3 Interconnect, Fiber Optics, Maintenance/Repair, Aircraft

c. Material Specification

1760-M51 Epoxy, Two Part, Fiber Optics, Specification for

d. Training Specification

1760-TS1 Course, Training, Fiber Optics, Specification for
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SECTION IV

DISCUSSION OF RESULTS

1. OPTICAL

a. Insertion Losses — Figure 41 shows the range of loss changes due to the
insertion of the contact pair in the circuit and to the test environments. Inser-
tion losses averaged 1.7 dB and 2.0 dB respectively for companies "NN” and "DD"
termination systems when one unusually high and one unusually low value were
deleted.

b. Test Environment Effects — Only in the company "DD" termination system
Maintenance Aging/Durability tests did the losses from the test environments exceed
the average insertion loss. The high company "DD" losses were due to a damaged
spacer foil in the guide sleeve. The company "DD" termination system design has
been altered to correct this problem. In general, the environmental and mechanical
extremes affected optical losses no more than about 2 dB, or the equivalent of
adding another pair of mating contacts to the circuit. This was true for the
individual tests, and when the first and last serial test values were compared.

2. ENVIRONMENTAL

a. Thermal Aging - Of the environmental test extremes, only the 1000 hour
125°C thermal aging test produced significant changes. Both cables tested have a
continuous temperature rating of 125°C. As seen in Figure 41, the optical losses
were not unusually affected as measured continuously during thermal aging. How-
ever, in the Maintenance Aging test sequence, an unusual Increase in losses was
recorded on two of the circuits. Cable assembly movement during measurement caused
a change in losses. When the cable assembly (harness) was stretched out straight,
the losses in one circuit decreased by 3.8 dB when compared to the coiled measure-
ment. The other three test circuits were measured while the cable assembly was
stretched out. Omne circuit showed a dramatic decrease in losses; the other cir-
cuits were unchanged. The circuits with variable losses were both manufactured by
company “"X8". A similar situation with this lot of company "X8" cable had been
experienced prior to this program. Company "X8" explained that the cabling had not
been stabilized, allowing some surplus fiber length within the cable. They advised
that the problem could be prevented by stretching the cable out straight and pull-
ing the fiber after one end had been terminated. The procedure must be enacted
prior to the second termination. The procedure was tried, the cables were success-~
fully used in humidity cycling tests, and the procedure appeared to solve the
problem. Lacking sufficlent time to replace the company "X8" cable, it was used in
this program. The test cables and jumpers were checked for heat problems, but none
were experienced until after thermal aging. The problem apparently was triggered
by the 1000 hour, 125°C thermal aging. We saw no changes on the continuous
measurements during heat aging, but recorded some loss increases in before/after
measurements on the two circuits with the company "X8" cable. A comparison of the
stretched straight measurements with the measurements on the loosely coiled cable
assemblies was made prior to the heat aging, and the results were much nearer to

what was expected. Therefore, the values reported were based on the specimens
being stretched straight.
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b. Maintenance Aging - Following the Maintenance Aging procedure, one of the
contacts exhibited high losses. During handling to determine the cause of the high
losses, the contact broke off at the point where the cable enters the contact.
Failure analysis of the contact and cable could not determine if the breakage had
been due to heat or due to the handling. The broken cable was a company "X8"
cable. The inner jacket of Hytrel had darkened compared to the nonthermally aged
material. The inner jacket material used by each cable company was tested. Table
41 shows that some of the physical characteristics of Hytrel had changed as a
result of heat aging at 125°C. The published continuous thermal rating for Hytrel
4276 is 103°C, which is the maximum rating for the cable. No specific failure
could be attributed to the inner jacket.

TABLE 41. INNER JACKET MATERIAL

Cable
A B
Test Procedure After After

New Thermal g::f: "; New Thermal E:r:: "et
Aging 9 Aging 9

Deflection 17.00 1950 16 6.90 7.10 +3

Hardness 87.00 91.00 +4 87.00 91.00 +4

Strength 0.50 0.48 -4 0.45 0.50 +10

GP43.0556.91

c. Shrinkage - Thermal Aging also caused shrinkage of up to 1/4 inch of the
outer Tefzel jacket. Cable from both manufacturers were subject to the shrinkage.
The outer jacket was terminated flush with the rear of the contact. When shrinkage
occurred, the flexural forces were concentrated on the inmer jacket.

d. Salt Spray/Sand and Dust - In both the salt spray and the sand and dust
tests, connectors were unmated during the full environmental exposure. After salt
spray, the fibers were rinsed with water and the losses measured. The contacts
were then solvent cleaned, and the losses remeasured. There was no significant
change in the losses. When the unmated sand and dust connectors were cleaned with

pressurized clean dry air, losses had increased, but recovered to normal values
after solvent cleaning.

3. MECHANICAL

a. Limitations ~ The mechanical limitations revealed in this test program
have been mentioned in the preceding discussion. They are the damage and loss of o
the spacer in the guide sleeve of the company "DD" contact, and the inability to vﬁr"
captivate the cable jacket within either of the contacts. The company "DD" o
connector design enploys a thin spacer in the guide sleeve to prevent the fiber in e
the spring loaded socket contact from wearing against the pin contact fiber. There

were problems with the spacer loosening as early as the fiftieth cycle of the 500 RS
durability cycles. IR




(1) Manufacturer Response - In response to the program results, company "DD"
has redesigned the contact assembly and 1s currently performing tests to verlfy the _
improvement. -

b. Strain Relief - The backshell strailn rellef hardware used on each of the
test connectors provided the necessary strain relief. However, one cable broke at
the contact/cable junction during handling, when it was not supported by the strain o
relief hardware. NS

c. Vibration and Mechanical Shock — All components successfully withstood the
rigorous vibration and mechanical shock tests. Vibration testing included a gun—
fire exposure, and mechanical shock testing included 300g drops. There were no
discontinuities of one microsecond or longer. There was no loosening of the mated
connectors or of the backshells.

4. EPOXY BONDS

a. Test Specimen Disbonds - There were two fiber disbonds on company "NN"
contacts. They were traced to air entrapment and to insufficient fiber/epoxy
adhesion. Both disbonds were discovered after the salt spray test sequence. Since
the connectors were not disconnected after the humidity cycling test which preceded R
the salt spray, it is likely that the dishond occurred during humidity cycling. =

b. Control Specimen Disbond - During the test, a control cahle with SMA
contact terminations also experienced a disbond. Failure analysis indicated a lack
of fiber/epoxy adhesion.

c. Epoxy Application NDetails - Lack of attention to epoxy application details
can result in epoxy disbonding. When this occurs, the fiber end location is no
longer fixed within the contact. The dishond may occur when the connection is
exposed to temperature extremes or changes and may not be discovered until the
connection is unmated and then remated. The loose fiber may then break off or wear
at the fiber ends.

5. CABLE

a. Cable Qualification - Because of the thermal stahilization problems
discussed in Paragraph IV.2, the company "X8" cable did not completely qualify.
The company "X3" cable met all the program requirements and is qualified for a
MI® -STD~1760 interconnect system.

6. TERMINATION SYSTEM T

a. “NN” Contact - The company “NN” contact termination system met all the ~a
program requirements. The average insertion loss was 1.7 dB. The highest recorded .
insertion loss was 2.4 dB. The highest loss increase due to the test extremes was }32}
1.5 dB. Loss values were consistent throughout the 500 durability cycles and 10 T
maintenance aging cycles. The company "NN" termination utilizes a ruby jewel to -
center the fiber at the polishing surface. Since the ruby is harder than the B
glass, polishing results in the glass fiber being slightly concave. This provides ﬁ*;‘
inherent fiber separation in the fiber to fiber coupling and added protection to R
the polished fiber end from mechanical damage. This system also permits customiz-
ing the jewel to the size of the fiber being used. 1In this program, the jewels
were factory installed, and sized to accommodate the expected fiber diameter =
tolerances. The system allows optimization of fiber to fiber alignment. o
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b. "DD" Contact — The company "DD" contact termination system met all the
program requirements, except that Maintenance Aging/Durability losses were exces—
sive. This was caused by the displacement/loss of a spacer foil which is located
within the socket contact guide sleeve. The manufacturer has made design changes
and is performing tests to verify the improvement. The average insertion loss was
2.2 dB. There was one high value of 3.9 dB which may have been caused by the
spacer problem. Discarding this value, the average of the other 10 insertion loss
measurements was 2.0 dB, and the highest value was 2.5 dB. The highest loss
increase due to the test extremes other than maintenance aging was 1.8 dB. The
company “DD” contact extended approximately 3/32 inch beyond the rubber connector
insert. Although unusual, it caused no problems. The connector strain relief
backshells provided the necessary flexural strength when the interconnect was fully
assembled.

7. SPECIMEN CONFIGURATION

a. Insert Arrangements — Figure 4 shows the interconnect test specimen
configuration. Within each of the mated pairs of connectors shown, there were four
fiber optics circuits. The MIL-STD-1760 connector is the Series III version of
MIL-C-38999 with a 25-~20 insert arrangement (Figure 3). However, this connector
was not available. A 25-46 insert arrangement was used for this test program
(Figure 3). The 25-46 arrangement provided four size 16 cavities located near the
central insert portion similar to the 25-20. 1t also contained two size 8 cavities
similar to those found In the 25-20 arrangement. The military version of this
connector had not been qualified at the time for ordering hardware, so an identical
commercial version was used in the test program.

b. Cable/Contact Configurations — Two of the four fiber optics circuits were
used for company "NN" contacts, and two for company "DD" contacts. One of each
pair of contacts was fabricated with company "X8" cable, and one with company "X3"
cable.

c. Statistics = The small number of specimens in the program did not cause
any problems and the results were consistent.

8. ASSEMBLY

a. General ~ Assembly procedures are furnished in 1760-PSl. They are similar
to other epoxy7polish procedures: strip cable, clean parts, mix epoxy, apply epoxy,
cure epoxy, polish fiber end, and assemble parts.

b. Manufacturer Procedures - Procedures from companies "NN" and "DD" were
utilized to tailor the termination to the cable chosen for the program. The
company "DD" procedure was significantly changed by deleting the use of a ferrule
inserted into the rear of the termination for easing strain relief insertion. By
analysis and experimentation, it was determined that the change would improve
flexural strength and reduce assembly time. Company "DD” agreed with the change.

c. Strength Member Insertion - Guiding the limp braided strength members into
the contact cavity is the most difficult step. A wrap of non-adhesive ' ape holds
the braid in place until insertion; then the tape is removed.
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d. Assembly Time - Assembly time for a single termination is about 40
minutes. This is based on 5 minutes to strip the cable and assemble the contacts,
30 minutes to cure the epoxy, and 5 minutes for polishing. The elapsed time needed
to replace a termination on an aircraft in service may be longer. Assembly and

cure times can be shortened by mechanization, but the epoxy cure time offers the
best source for shortening the termination time.

9. MAINTENANCE

a. General - A single particle of dust on the polished fiber can reduce
optical power. In this test program the socket contacts, in particular, had to be
watched for collecting the bits of rubber chipped off the insert during repeated
insertion/extraction of the contacts. Storage of slack cable is critical. A cable
clamp over a 180° foldback in a fiber optics cable may cause the cable to break.
The minimum bend radii restrictions of both fiber optics and electrical cables

prohibit cable foldback conditions. Minimum bend radii rules must not be ignored
when slack cable is being stored.

b. Troubleshooting — The problem diagnosis of fiber optics interconnect is
different than for electrical circuitry. 1760-PS3 contains troubleshooting methods
and maintenance and repair procedures.

10. IDENTIFICAT.ON

a. General - No identification problems were encountered on this program, but
the interconnect system was not mixed with all electrical interconnect systems. In
a MIL-STD-1760 application, interconnect mixing will occur. There is a significant
difference in contamination tolerance between fiber optics and electrical intercon-
nect. The personnel who service the aircraft that contain hoth systems must be
aware that the fiber optics system is part of the interconnect.




SECTION V

CONCLUSIONS

1. General - The objectives of the program were met.

2. Qualified System - A fully tested fiber optics interconnect system consisting
of a company "X3" cable terminated into a company "NN" contact is suitable for
MIL-STD~1760 flight applications.

3. Insertion Losses - The insertion losses of this system are 1.8 + 0.6dB.
Additional losses caused by the environmental and mechanical testing generally did
not exceed the average initial insertion loss. The additional losses were not
cumulative. Within the test measurements (initial and final measurements using
threaded test connectors which had been disconnected), there was no indication of
permanent increase of losses. System losses were consistent.

4. Backup System - A backup system was partially qualified with comparable loss
characteristics. 1In this system, company "X3" cable is terminated into company
"DD” contacts. The termination system was not fully qualified due to problems with
the spacers during Durability and Maintenance Aging testing. The manufacturer has
made design changes to correct this deficiency and i{s currently performing tests.
Contingent upon successful retesting, the back-up system is a potential alternate
qualified system. This system is interchangeable with the qualified system, but
they are not intermateable. Table 42 shows a summary of the system losses.

TABLE 42. SUMMARY OF SYSTEM LOSSES

Fully Qualified Partially") Qualified
System, 125°C Rating  System, 125°C Rating
Termination, Company “NN" X
Company “DD” X

Cable, Company *“X8"

Company “X3" X X
Insertion Loss dB 18+06 20+05
Max Loss From Any
Test Sequence dB 18 2.0
Ma:: Loss, Cumulative
for lest Series de3 2.0@ 1.3
Notes:

(1) Spacer loss problem in Durability/Maintenange Aging. Manufacturer has redesigned. °

(2) System temperature limitation due to cable.
(3) These values subject to reconnection of threaded connectors. Variation of up to 1 dB.
(4) SMA test connector had a protruding fiber.

GP43-0558-92

5. Fabrication and Installation - The fiber optics interconnect system can be
fabricated on a production basis, installed in a military aircraft without any
unusual problems. This conclusion is based on the production experiences with the
single channel fiber optics system on the AV-8B production aircraft and supported e
by the fabrication and test experience of this program.
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6. Maintenance - The maintenance of the MIL-STD-1760 fiber optics interconnect
system in field service is not expected to restrict its application. As demon~
strated by the program testing, the interconnect is durable. The most important
factor in the maintenance of the interconnect system is cleanliness. In the field,
the main obstacle to successful operation will be contamination and debris which
could interfere with the fiber to fiber transmission of the optical signal. This
system can be maintained in the field by regular service personnel after a short
training program (1760-TS1).

7. Epoxy — The most important factor in the fabrication of the interconnect system
is the application of the epoxy. Maximum support of the fiber by the epoxy can be
achieved by the use of clean parts, by the absence of air bubbles in the epoxy, and

by the use of proper strip lengths. These application procedures are detailed in
1760-PS1.

8. Military Aircraft Environment - Hybrid fiber optics and electrical interconnect
are feasible for rigorous military aircraft environments. The optical performance
of the interconnect system was not severely affected by the environmental and
mechanical extremes of this test program.

9. Jacket Shrinkage - The cables tested were subject to excessive outer jacket
shrinkage (up to 1/4 inch at terminations) from thermal aging. The specification
for the cable, 1760-CS1l, includes a jacket dimensional stability test which limits
jacket shrinkage to 1/16 inch maximum.
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SECTION VI

o

RECOMMENDATIONS

1. Smaller Diameter Cable - The cable jacket was too large to be terminated within
the contact. The contact diameter cannot be increased to accommodate the cable
since this dimension is fixed for tooling, etc. Qualification of a smaller
diameter cable, about 0.083 inch in diameter, is recommended. This would signifi~
cantly improve the flexural and tensile strength of the cable/contact junction.

I
e

Lx 4

b
L:l

2. Higher Temperature Cable and Epoxy - Qualification of a higher temperature (up
to 200°C) system is recommended. This would require a higher temperature cable and
e pOXy . -

R

PR D

3. Short Cure and Lower Cure Temperature Epoxy - Field replacement of contacts is
practical but the 30 minute cure time required by the epoxy should be reduced.

Field repairs would also be simpler with a lower temperature cure epoxy. Qualifica-
tion of short cure time and lower cure temperature adhesives is recommended.

4. Factory Installed Jewels — The fully qualified termination system employs a
jewel to center the fiber at the polishing surface. The jewel may be field
installed to produce minimum alignment losses or factory installed to simplify the
procedure. The use of the factory installed jewel is recommended.

o
ekt b d.

5. Identification - Connectors containing fiber optics terminations should be ——
easily identified so that they can be protected from contamination when they are -
unmated. Efforts to address this problem have been initiated both through the o
MIL-W-5088 Standard for Aerospace Vehicles and through the P6 Fiber Optics

Committee of the Electrical Industry Association (EIA). It is recommended that

fiber optics standard identificatlion procedures continue to be pursued, and be .
implemented as they are developed. ——d

» .4

6. Permanent Splice - Test and production experience with the cable proved it to S
be durable and resistant to installation and maintenance type handling. However, L
mechanical damage can be expected to occur which would require replacement or R
splicing of the cable. Past experience has also shown that design modifications R
may require splices to cables. Qualification of a permanent fiber cptics splice Y
based on the contact hardware qualified by this program is recommended. -

RS
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APPENDIX A

EQUIPMENT LIST
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TABLE A-1. TEST EQUIPMENT

Laboratory-Built Feedback-Controlled LED Light Source
UDT Model S550 Optical Power Meter
Controiled LED Source, Spectronics LED #SE3352-004

Light Level Detector With Light Loss Detector-Latch Circuit,
Hamamatsu Detector #21188.

Data Logger (Fluke Model 240B)
Tape Recorder (Tektronix #4923)
Computer (Tektronix #4051)
Hard Copier (Tektronix #46731)

Oscillograph (Honeywell, Model 1858
GP43-0556-95
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APTENDIX B

i 1760-CS1 - CABLE, FIBER OPTIC
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FIGURE B-1 -5Mi945-00! OPTICAL FIBER

APPROVED CALLOUT

$M1945-001

TABI

CONSTRUL

LE 1
TION DETAILS

APPROVED CALLOUY

5M1945-001

OPTICAL FIBER

SEM]-GRADED, SINGLE FIBER

CORE DIA. - 0039 + 00004 INCHES

CLAD MATERIAL - SILICA GLASS

CLAD DIA. - .0DO55 ¢ .000! [NCHES

BUFFER COAT

UV CURABLE . THERMOPLASTIC RESIN
COAT DIA - 019 + .00) INCHES

INNER JACKET WYTREL, TYPE 7246
IMMER DIA - 025 INCHES MIN
| OUTER DIA. . 059 INCHES MAX
BRALD | TEFLOM IMPREGNATED FIBERGLASS

150-1/2-2 ENDS
10 PICKS PER INCH

QUTER JACKET

TEFIEL 200
COLOR - VIOLETY
OIA, - 110 + 003 INCMES

CONCENTRICITY

.80 MINIMUM FOR CORE, CLAD,
INNER AND QUTER JACKEY
.70 MINIMUM FOR BUFFER COAT

TOTAL W 1GRT

6.8 LBS/1000 FEEY

MINiMUM CABLE LENGTH

500 F1

TABLE

OPTICAL AND MECHANICAL PROPERTIES

APPROYVED CALLOUT

SM1945-001

MAX ATTEN @ 900 nm

1.6-3.0 db per 1LO0 ft

NUMERICAL APERTURE

Steady State € .30

CORE/CLADDING REFRACTIVE INDEX

1.48/1.4528

BANDWIDTH

100m Hz - 3300 ft

FiBER TENSILE PROOF TESY

100,000 psi min

BRAID BREAK FORCE

80 1bs

JACKET TENSILE STRENGTH & ELOMNGATION

§,000 psi min., 200% min

OIMENSIONS IN INCHES: TOLERANCES UNLESS OTHERWISE SPECIFIED: . XX £0.03; .XXX 2 0.010: ANGLES : 4°

fSCM NO. CLASSIFICATION
76300 TITLE
PROCUREMENT CABLE. FIBER OPTIC STANDARD PART DOCUMENT
SPECHICATION '
000-C-88048 5M '945
SHEEY | OF 3
e e WO® 10 an AP430S-4

REVISION:

APPROVAL DATEMAY 1960

LA




MOTES: 1. SENERAL: THE SPECIFICATION OESCRIBES THE REQUIREMENTS FOR A FIBER OPTIC CABLE WANUFACTURED IN ACCORDANCE WITH THE BASIC FISER OPTIC -
SPECTFICATION.  00D-C-85045. L
1.1 PROCUREMENT SPECIFICATION: 000-C-B5045 EXCEPT AS SPECIFIED MEREIN. Ry
1.2 THIS STANDARD IS THE CONTROLLING DOCUMENT AND TAKES PRECEDENCE OVER OTHER DOCUMENTS RESERENCED MEREIN ot

1.3 REFERENCED DOCUMENTS SMALL BE OF TWE ISSUE IM EFFECT ON DATE OF INVITATION FOR BID OR AS AUTHORIZED BY THE MCAIR STANDARDS ENGINEERING e
DEPARTMENT . T
1.4 VENDORS LISTED MEREIN ARE THE ONLY APPROVED SOURCE. OMLY VENDORS THAT ARE QUALIFIED TO SUPPLY CABLE TO 0OD-C-65045 MAY SE CONSIOERED -
AS A SOURCE OF SUPPLY FOR SM1945 CABLE AND SHOULD APPLY FOR APPROVAL VIA MCAIR STANDAROS ENGINEERING DEPARTMENT i g
2. Eﬁll{ﬁlﬁs fIIlSlKD CABLE SHALL MEEY ALL THE REQUIREMENTS OF 5M1945 AND DOD-C-B5045. MMERE THERE |S COMFLICT BETWEEN THE TwWO ey

5 SWALL TAKE PRECEDENCE. S
2.1 OPTICAL b
2.1.1 OPTICAL PROPERTIES SWALL BE AS SPECIFIED IN TABLE 11 WHEN MEASURED AS REQUIRED IN DOD-C-R504%
2.2 MECWARICAL
2.2.1 KCNMIC.M PROPERTIES SMALL BE AS SPECIFIED 1% TABLE 11 WHEN €ASURED AS REQUIRED [N DOD-C-8504%
2.3 ENVIRONMENTAL

2.3.1 THERMAL - THE CONTINUOUS TEMPERATURE RANGE IS 125°C TQ -58°C. .
2.4 WARKING - ALL INTERIOR PACKAGES SHALL BE MWARKED PER MIL-STD-129. EACH REEL OF CABLE SMALL BE TDENTIFIED WiTH THE FOLLOWING INFORMATION =R
LEGIBLY AND DURABLY PRINTED ON THE REEL.
MCDONNELL 'S STANDARD PART NO. PURCHASE ORDER NO 1
VENDOR'S NAME EACH CABLE LENGTH AND TOTAL FOOTAGE N
VENDOR'S PART NO. MCDONNELL CIRCLE NO B

VENDOR'S LOT NO. Co.
MONTH AND YEAR OF MFGR. .

\
otmm ASSURANCE ' )
2.5.1 ALL 5MI945 CABLE SMALL MEET THE PERFORMANCE REQUIREMENTS OF TABLE I1L. GROUP A AND B INSPECTION (£XCEPT JACKET STABILITY AND - .
DURABILITY OF IDENTIFICATION MARKING) IN DOD-C-85045 SHALL BE PERFORMED ON ALL SHIPMENTS OF CABLE TO MCAIR IR MCAIR'S DESIGNEE

2.5.2 CERTIFICATION OF COMPLIANCE SHALL BE PROVIDED WilTW £ACH LOT. _ 4

2.5.3 QUALIFICATION INSPECTION (TABLE 11 OF 0D0D-C-85045) SHALL BE PERFORMED BEFORE SHIPMENT OF THE FIRST LOT OF CABLE AND ANYTIME
THEREAFTER WMNEN MATERIAL OR DIMENSIONS OF THE CONSTRUCTJON ARE CHANGED  COPIES OF QUALIFICATION INSPECTION TEST DATA SHALL BE
FORMARDED TO MCATR STANDARDS ENGINEERING DEPARTMENT.

2.5.4 MCAIR RESERVES THME RIGHT TO PERFORM ALL INSPECTIONS AND/OR TESTS TO INSURE COMPLIANCE wiTH MIL-(-B5045 AND THIS SPECIT ICATION
AND ACCEPT OR REJECT (OTS IN ACCORDANCE wiTh MCAIR'S QUALITY ASSURANCE PROGRAM

2.6 PREPARATION FOR DEL1VERY

2.6.) THE CABLE SMALL BE SUPPLIED IN MINIMUM LENGTHS OF 500 FEET. REELS OR SPOOLS SHALL BE CONSTRUCTED IN ACCORDANCE WITh PARAGRAPH
§.1.1.1 OF DOD-C-85045. WHEN MOPE THAN ONE LENGTH OF CABLE [S PACKAGED ON A REEL, TME ENDS OF EACH LENGTH SMALL BE BROUGHT
OUT AND SECURED TOGETHER TO PERMIT CONTINGITY CMECKS ON EACH LENGTH.

2.6.2 THE REQUIREMENTS OF LEVEL A GF MIL-C-12000 SRALL Bf MEY

SHEET 2
91 GP43.0858.5

TABLE 111
PERFORMANCE REQUIREMENTS
S S
T SPYTT AT T IPECTREN | NA OF LAUNCHED THE AT" LORFT NUMBER TNCRENENT TINE A1
TEST PER DOD STD-1678 | SOURCE | WAVELENGTH | BANDWIDTH |  LENGTH ;| RADIATION CONL { TEMP | TEMP . DIAMETLR | MASS | ob ¢yCLkS | STATLC FURCE | LacH FoRLE
—_— —— —F———— —_— — —
ACCEPTANCE PATTERN BROAD BANI) ! ‘
(6040) | TUNGSTEN '
| Y00nw . 0am 3, 2A0t¢ BN
T T -
POVEE TRANSMISSION ]
AT RLEV. TEMP. (4010) ! 33t e
T ! |
POWER TRANSMISSION [
AFTER HUMIDITY (4020) ; | IR0
T p————
POWER TRANSM1SS ION . !
AFTER TR, CYCLE i
(4030) ! I 13ee ,
‘ & , :
€YCLIC FLEXING (D10 | | 3.3 ! i ; [RCTT v .
; e+
IMPACT TEST (2030} 3.t ! ' Vg | .
T M v
TENSTLE LOADING i ) | ] ! T T el eie
{30103 ! l.lhlL + A .
COLD BEND o2 e N RN \..i , ;
: ) H )
e 1 " 4 ! L 1
T i Y T ~ R
| BOWDING MixL | i 1 RaTE ov seeen ; 1T RSN L
ELONLATLum AND . AND FERRULE 1 L { OF PWR UR1P SPECIMEN NO ST FLULD TLMPLRATLRE  PLRIOD BER
TENSILE «ﬂr.nr-ru'r_ 4+ . . — ~ e —— — —— ——] Ca-
FED-STD- 228 AMPHENOL Y0h !sn..ppm; N . R
- 1 Mib-b-2 vy, Juhricating ol ssuloetac Las ab-w*C N [N
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APPENDIX C

1760-CS2-1, 1760-CS3-1 - CONTACTS
FIBER OPTIC, SIZE 16, MIL-C-38999,
SERIES I, III AND IV
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APPENDIX D

1760-CS2-2, 1760-CS3-2 - CONTACTS
FIBER OPTIC, SIZF 16,
MIL-C-38999, SERIES I, III AND IV
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1760-PS1 (Continued) FIBER OPTICS
FABRICATION PROCEDURES

6.3.2 TIdentification - All identification and marking of cables and harnesses : ﬂ
will be done in accordance with the requirements of MIL-W-5088 and this o
specification.

6.4 CLEANING OF POLISHED FIBER ENDS

6.4.1 Polished fiber ends shall be cleaned by any of the following methods:

6.4.1.1 Dipping the contact end into an ultrasonic cleaning tank (Paragraph
4.1.1) of Freon TF (Paragraph 3.2.1) for a minimum of 10 seconds.

6.4.1.2 Spraying the contact end with Freon TF (Paragraph 3.2.2).

6.4.1.3 Dipping the contact end into alcohol (Paragraph 3.2.3).

6.4.2 1In all cleaning methods, the polished fiber end shall be allowed to air
dry for 30 seconds or longer. If available, wipe the polished fiber end with
optical wiping tissue (Paragraph 3.2.4) immediately after cleaning.

6.5 PROTECTION OF POLISHED FIBER ENDS

6.5.1 Polished fiber ends shall be protected by any of the following:
6.5.1.1 Plastic dust cap (Paragraph 3.2.7)

6.5.1.2 Polyethylene bag (Paragraph 3.2.8)

6.5.1.3 Other device which provides protection from damage or contamination.

7.0 QUALITY ASSURANCE PROVISIONS

7.1 PROCESS CONTROL - Maintain surveillance as necessary to ensure compliance
to the following:

7.1.1 Visually inspect (up to 40X magnification) to ensure that the surface
of the contact and fiber is flat and free of scratches or gross imperfections, and R
that the fiber is not chipped. S

7.2 ACCEPTANCE INSPECTION

7.2.1 Visually inspect the harness to verify there are no lump(s) on the S
harness due to foreign object(s) under the braid. RENS

7.2,2 Visually inspect the termination to verify that the cured epoxy R
exhibits proper adhesion between the fiber and the contact. ER
. '.‘.(

7.2.3 Visually inspect the cable and terminated ends for damage - nicks, S
scratches, contamination, etc. ol

7.2.4 All cables with a termination at each end shall be measured with the
OATS (Paragraph 4.2.2) to verify that losses do not exceed the values given in -
Table F-3, in either direction. Reject all cables that fail to meet this e
requirement. (When there is a larger than 0.5dB difference in the measurement for
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1760-PS1 (Continued) FIBER OPTICS
FABRICATION PROCEDURES

6.1.6 Socket Contact Assembly (Figure F-2)

6.1.6.1 1760-CS3-1 ~ After the polishing is complete, insert the spring into
:he outer sleeve from the end opposite the shoulder. Then slide these parts over
the terminated socket contact, shoulder end first. The small end of the guide
sleeve is then pressed on, captivating the assembly. Apply slight tension to the
guide sleeve to verify assembly captivation.

6.1.6.2 1760-CS3-2 - The socket contact spring has been factory installed.
The long end of the guide sleeve is pressed onto the terminated socket contact

antil it seats against the socket contact shoulder.

6.2 CONTACT INSERTION INTO CONNECTOR

6.2.1 Assemble the components for the socket contact as shown in Figure F-2.

1760-CS3 Parts Assembly

4 Socket Outer Sieeve
Contact
/ Spring
[ ———r [1: | 0 Eﬂ] ‘-—\‘
' ' l l Cable

‘ Socket Contact t ‘ Outer Sleeve

Spring Guide
Sleeve Guide Sleeve

_L] Socket Contact
[ Tir0o =4

| Socket Contact ‘ Guide l
Sileeve

Cable

Guide Sleeve

GP43.0016-62

Figure F-2. Socket Contact Assembly

Note: Prior to insertion, use a dip or spray of Freon TF (Paragraph 3.2.1 or

3.2.2) on the contact and dry with heat (Paragraph 4.1.6) or optical wiping tissue

(Paragraph 3.2.4).

6.2.2 Insert the cable/contact assembly into the connector cavity with a

Paragraph 4.1.7 insertion tool. Apply tension to the cable to ensure that the
i1ssembly is locked in place.

6.3 HARNESS FABRICATION

6.3.1 Routing - Route fiber optics cables per drawings.
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1760-PS1 (Continued) FIBER OPTICS
FABRICATION PROCEDURES

TABLE F-2. EPOXY CURE SCHEDULE

Minimum
Time Temperature
(hr) =10°F
1/2 300+
2 250

“Aneat gun Paragrapn 4.1 7) may be used if the temperature 15 moniored to = 25°F.
With the nozzie vents open. the temperature should be 300°F about 1-1/2 - 2 inches
from the nozzie eng

Caution: Exercise Care That Heat From the Heat Gun is Not Directed
at Heat Sensitive Materials or Parts in Adjacent Areas.

GP43-0551-2

6.1.5 Fiber End Finish

6.1.5.1 Carefully cut or break off the excess fiber at the surface of the
epoxy bead leaving 1/16 inch or more to be ground off. For this operation, nail
clippers or their equivalent may be used to cut the protruding fiber, or the fiber
may be broken off by simply bending the fiber with your fingers.

6.1.5.2 1Insert the contact into the polishing fixture (Paragraph 4.1.5) so
that the untrimmed fiber will extend beyond the fixture face.

6 1.5.3 Position a blue polishing sheet (Paragraph 3.2.6) on a flat surface
and apply clean tap water over the area to be utilized. Water is necessary as a
lubricant.

6.1.5.4 Move the fixture assembly in a long figure eight motion until a thin
layer of epoxy just covers the end face. Flush the fiber end, polishing fixture,
and work area with clean water.

6.1.5.5 Turn the polishing fixture so that the polishing direction is
perpendicular to the prior polishing direction. Using yellow polishing sheets,
polish the end of the fiber until all scratch marks have been removed. Flush the
fiber end, polishing fixture, and work area with clean water.

6.1.5.6 Repeat step 6.1.5.5 using pink polishing sheets.

6.1.5.7 Repeat step 6.1.5.5 using violet polishing sheets. Verify that the
contact or fiber does not protrude past the fixture by drawing a straight edge
across the face of the polishing fixture.

6.1.5.8 Wash the contact tip using clean water and clean it ultrasonically
using Freon (Paragraph 3.2.1). If the ultrasonic tank is not available use a dip
or spray of Freon TF (Paragraph 3.2.2). Dry the contact with heat (Paragraph
4.1.6) or cotton cloth wipers (Paragraph 3.2.5).

6.1.5.9 Examine the fiber end for gross imperfections using 40X magnification
(Paragraph 4.2.1). Be sure the optical surface is flat and free of scratches,
chips or epoxy smears. If necessary, repeat the latter polishing steps.




1760-PS1 (Continued) FIBER OPTICS
FABRICATION PROCEDURES

6.1.2 Cleaning - Clean the portions of the cable and the connector parts to
be epoxied by dipping them in an ultrasonic cleaning tank (Paragraph 4.1.1) of
liquid Freon TF (Paragraph 3.2.1). If not available, use Freon TF spray (Paragraph
3.2.2). Wipe the fiber clean with tissue (Paragraph 3.2.4 or 3.2.5), and allow it
to dry for 30 seconds or longer.

6.1.3 Epoxy Mixing

CAUTION: Avoid epoxy contact with the skin and eyes, and use in a well ventilated
area.

6.1.3.1 FElevated Cure Epoxy — Mix equal parts by weight of the two part epoxy
(Paragraph 3.1.1) in a clean glass, stainless steel, paper or polyethylene con-
tainer. Stir thoroughly with a clean wood, glass or stainless steel stirrer. The
mixed pot life is 8 hours or longer. Keeping the container closed when the epoxy
is not being used will extend its pot life. Scrap the material when it starts to
gel. Use the Paragraph 3.1.1 epoxy for general production.

6.1.3.2 Premeasured 2 Pouch Kit, Elevated Temperature Cure Epoxy — Remove the
separator from the premeasured 2 pouch kit (Paragraph 3.1.2). Knead the epoxy
thoroughly to mix while still in the packet. To dispense, cut off a corner of the
package. The mixed pot life is 8 hours or longer. Scrap the material when it
starts to gel. Use Paragraph 3.1.2 epoxy where only a few terminations are to be
made.

6.1.4 Epoxy Application

6.1.4.1 1Install the hypodermic needle (Paragraph 4.1.2) on the syringe
(Paragraph 4.1.3). Fill the syringe with epoxy. Hold the syringe with the needle
pointed upward so the air bubbles rise to the surface. Force the air bubbles out
of the syringe through the needle. 1Insert the syringe into the rear of the contact
as far as possible and slowly fill the contact half full. (Take care not to get
air bubbles in the contact.) Fpoxy should come through the hole at the end of the
contact.

6.1.4.2 Wrap a strip of Teflon or other non-adhesive material around the
strength member to hold it down. Slide the contact over the stripped cable, rotat-
ing the contact until the fiber finds the hole. Work the Teflon back as the braid
goes [nto the contact. When all but 0.1 inch of fiber is protruding from the end
of the contact, the cahble is properly seated.

Note: Ensure that the strength member is not bunched at the base of the contact.

6.1.4.3 Apply a drop of epoxy at the fiber tip and clean the exterior of the
contact of excess epoxy with a wiper (Paragraph 3.2.4).

6.1.4.4 Cure the assembly in an air circulating oven (Paragraph 4.1.4) in

accordance with Table F-2. The assembly shall he in a horizontal position during
curing.
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1760-PS1 (Continued) FIBER OPTICS
FABRICATION PROCEDURES

5.3.6 Unbraided harness - Plastic cable straps per MIL-W-5088 shall be used
as the secondary support to form the harness and to secure breakouts. The straps
shall be spaced at intervals not greater than 12 inches.

6.0 PROCEDURES

6.1 CABLE TERMINATION - FIGURE F-1

6.1.1 Trim the cable to the dimensions shown in Figure F-1 with the tools
listed in Table F-1.

(A e Sl

XXXXX

KKK \—Buffer Fiber

\_ Inner
Outer Strength Jacket

Jacket Member

GP33-0018-49
Contact Strip Dimensions (in.)
Number Type A 3 o]
1760-CS2-1 Pin 0.300 0.150 0.187
1760-CS3-1 Socket 0.300 0.470 0.167
1760-CS2-2 Pin 0.625 0.500 0.140

1760-CS3-2 Socket 0.500 1.250 0.375

GP43-0551-35

Figure F-1. Cable Strip Dimensions

TABLE F-1. TOOLS FOR STRIPPING

Cable Component Stripping

to Be Removed Method

Outer Jacket Paragraph 4.1.8. 419 0or 4110
Braid Scissors or Equivalent

Inner Jacket Paragraph 4.1.11 0or 4 112
Butfer Paragraph 4 1.13 0r 4 1.14

GP43-0551.1
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1760-PS1 (Continued) FIBER OPTICS
FABRICATION PROCEDURES

5.0 REQUIREMENTS

5.1 GENERAL

5.1.1 When a fiber optics cable is routed within a wire harness, the harness
shall meet the requirements of MIL-W~5088.

5.2 CABLE TERMINATION

5.2.1 Jacket Stripping - The jacket shall be removed to expose the fiber
without damaging the fiber.

5.2.2 Cleanliness ~ The jacket, fibers and contacts which are joined with
epoxy shall be clean and dry prior to epoxy application.

5.2.3 FEpoxy Application - Do not entrap air during epoxy fill of contact.

5.2.4 Fiber End Finish - The fiber shall be centered in the contact end, the
surface flat with a minimum of scratches and chips and exhibiting adhesion to the
contact. The fiber/contact shall not protrude from the face of the polishing
fixture.

5.2.5 Allowable Losses - The losses in the cable shall be measured per
Paragraph 7.2.4. Reject any cable whose losses exceed the values given in Table
F-3. A cable with terminations on each end must meet this requirement in both
directions.

5.2.6 Polished Fiber Protection - The polished fiber ends shall be protected
from damage or contamination.

5.2.7 Mating - Polished fiber ends shall be cleaned immediately prior to
mating with other components. EXCEPTION: 1In a clean room, the polished ends may
be left unprotected for up to one hour prior to mating, without recleaning.

5.3 HARNESS FABRICATION

5.3.1 General - All braiding and shielding procedures will conform to present
mcthods used on standard electrical interconnect systems.

5.3.2 Harness Length - The length tolerance in completed fiber optics
harnesses shall be +0.5, -0.0 inch.

5.3.3 Branches - The branch break—-out tolerance shall be +0.50 inch from the
position shown on the harness board.

5.3.4 Splices - Fiber optics cable shall be spliced only when authorized by
Fngineering. Replace the cable when the jacket damage exceeds superficial nicks or
scuffirg or when allowable losses are exceeded.

5.3.5 Radius of Bend - Wiring bend radii shall comply with the requirements
of MIL~W-5088, with the exception that for an individual fiber optics cable, the
minimum bend radius allowable 1s ten times the outside diameter of the cable.
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1760~PS1 (Continued) FIBER OPTICS —

FABRICATION PROCEDURES -]

4,0 EQUIPMENT AND FACILITIES »j

4.1 PROCESS EQUIPMENT - -

4,1.1 Cleaning tank, ultrasonic, Ultromet 75-1970-115-A8 or equivalent. Q;;

4.1.2 Hypodermic needle, Yale 18 gage, 1-1/2 inches long, Becton-Bickinson .ﬁ{iﬁ

Co. (used with item defined in Paragraph 4.1.3) :ﬁ}}i
4.1.3 Syringe, disposable, 5cc, #156-000, Curtin Co.

4.1.4 Oven, air circulating, 150°F-300°F + 10°

4.1.5 Fixture, polishing . 3

(a) 317-1774-000, ITT-Cannon, Santa Ana, CA 92702 for 1760-CS2-1 and - ;

1760-CS3-1 :

(b) 1-36251-321, Amphenol Products, Sidney, NY 13838 for 1760-CS2-2 and
1760-CS3-2

4.1.6 Heat gun, 300°F-500°F + 10° - HG 301, Master Appliance, Racine, WC.
4.,1.7 1Insertion/removal tool, M81969/14-03

4.1.8 Stripper, blade, 45-176 with L-5559 blade set - Ideal Industries Inc.
4.1.9 Stripper, blade, 45-162 with L-9225 blade - Ideal Industries Inc.
4.1.10 Blade, razor or exacto type

4.1.11 Stripper, blade, 45-176 with L~4994 blade set - Ideal Industries Inc.

4.1.12 Stripper, blade, No-nik, 0.0201 cutting range, royal blue, Clauss
Cutlery Co., Fremont, Ohio.

4.,1.13 Stripper, blade, model MS, Micro-strip 0.008, Utica Tool Co. Inc.

4.1.14 Stripper, blade, No-nik, 0.010 cutting range, light blue, Clauss
Cutlery Co., Fremont, Ohio.

4.2 QUALITY ASSURANCE EQUIPMENT

T
4.2.1 Magnifier, 20-40x f.'i
4.2.2 Optical Attenuation Test Set (OATS) 1
(a) UDT #5550, United Detector Technology, Culver City, CA 90230
(b) Wilcom #T312B, Wilcom Products Inc., Laconia, NH 03246 :%f.

4.2.3 Optical Time Domain Reflectometer (OTDR), Resolution - 40cm, Probe
Pulse Width - 4ns FWHM, Probe, Pulse Return - lns, OPTIXX Model 401.
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1760-pPS1 FIBER OPTICS
FABRICATION PROCEDURES

INTERCONNECT, FIBER OPTICS, FABRICATION OF MIL-STD-1760

1.0 APPLICATION

1.1 This specificat:on defines the procedure for the fabrication of a
MIL-STD-1760 fiber optics interconnect system. It contains only the procedures
which are unique to fiber optics. All other standard MIL-W-5088 electrical inter-
connect procedures will be utilized.

1.2 This specification i{s applicable when specified on the Engineering draw—
ings and other process specifications or applicahle documents.

2.0 APPLICABLE DOCUMENTS

2.1 TISSUES OF DOCUMENTS - The following document, of the issue in effect on
the date of invitation for bids or request for proposal, form a part of this
specification to the extent specified herein:

MIL-W-5088 Wiring, Aerospace Vehicle.
FOTP-5%9A General Descriptions of Optical Time NDomain Reflectometry, EIA.

3.0 MATERIALS AND/OR SOLUTIONS

3.1 END ITEMS MATERIALS

3.1.1 Epoxy, elevated temperature cure, two part - 1760-MSl

3.1.2 Epoxy, elevated temperature cure, 2 Part, premeasured 4 gram pouch kit,
1760-MS1.

3.2 OTHER MATERIALS

3.2.1 Solvent, Freon TF, liquid, MIL-C-81302.

3.2.2 Solvent, Freon TF, pressurized spray container, MIL-C-81302.
3.2.3 Solvent, alcohol, isopropyl, FED TT-I-735.

3.2.4 Tissue, optical wiping - Kodak #154-6027 or equivalent.
3.2.5 Cotton cloth wipers - cheesecloth, commercial

3.2.6 Polishing sheets, adhesive backed, Color/Micron —-- Blue/40, Yellow/12,
Pink/3, Violet/1l. Imperial PSA Lapping Film Sheets, 3M Co., Minneapolis, MN.

3.2.7 Caps, dust, plastic, MS90376

3.2.8 Bags, polyethylene, various sizes
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1760-MS1 (Continued)

MATERIAL
SPECIFICATION

7.4 DELIVERY PREPARATION

7.4.1 The material components may be supplied in bulk in two separate
' containers or in premeasured kits which provide a method of mixing within the
‘ supplied kit.

7.4.2 Each kit or component container shall be marked as follows:

' (a)

Manufacturer's number
(b) Date of manufacture or date from which 1 year shelf life remains.
8.0 SAFETY
8.1 The material does not contain any solvents or thinners.
4
TABLE E-1. QUALIFICATION REQUIREMENTS
Requirement Procedure Criteria
J Hardness ASTM D2240, Shore D 80 Minimum
Viscosity ASTM D1200 400 CPS
LAP Shear Strength ASTM D707, 20 mm/min 2,400 psi
Moisture Absorption ASTM D570, 0.05% Maximum
Water Immersion, 250 hr @ 32°C
p Shrinkage 4 hr @ 160°C, 1/8 in. Dia Bar 0.05 in./in. Maximum
i Thermal Coetficient
R of Linear Expansion ASTM D3386 25.0 x 10-8 in.jin./°C Maximum
: Gloss Transition
. Temperature 120°C for 1 hr 102° to 110°C
a Heat Distortion
t 66 psi Stress ASTM D648 175°C
i Thermal Shock MIL-STD-202, Method 1078, No Cracking, Meet

; Hydrolytic Stability

—-60° to +125°C
MIL-1-16923

Shrinkage Requirement

10% Maximum Drop in
Shore D Hardness
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1760-MS1 (Continued) MATERIAL
SPECIFICATION

5.3 PHYSICAL REQUIREMENTS

5.3.1 Mix Ratio - The material shall be prepared by mixing two component
materials together with a mix ratio of one to one by weight.

5.3.2 Color - The color of the mixed material shall he amber.

5.3.3 Pot life - The mixed pot life of the material shall be at least 8 hours
at 24°C + 2°.

5.3.4 Cure - In a thin film, the mixed material shall cure as follows:

30 minutes @ 150°C
60 minutes @ 120°C

5.3.5 Temperature Rating - The continuous operating range of the mixed, cured
material shall be from -55°C to +160°C.

5.3.6 Test Requirements - The mixed, cured material shall meet the test
requirements of Table E-1.

5.3.7 Shelf Life - Unopened containers of the two component parts shall be

capable of meeting all of the requirements of this specification after storage for
up to one year at 10°C to 40°C.

6.0 PROCEDURE

Not applicable.

7.0 QUALITY ASSURANCE PROVISIONS

7.1 VENDOR QUALIFICATION

7.1.1 The vendor is responsible for the performance of all test and inspec-
tion requirements as specified herein. All substantiating and qualification test
data shall be certified by the vendor, if specified by the purchaser.

7.1.2 Failure of a product to meet all of the requirements and quality
assurance provisions of this specification shall be cause for rejection of the

material, disapproval of a vendor, or removal of a vendor from the approved
products list.

7.2 ACCEPTANCE INSPECTION PROVISIONS

7.2.1 Production shipments of qualified material shall be tested to determine
compliance with this specification. Acceptance tests shall consist of those tests
deemed necessary by Quality Assurance to maintain quality.

7.3 TEST METHODS

7.3.1 Use those test methods specified in Table E-1,




1760-MS1 MATERIAL !
SPECIFICATION

TWO PART FLEVATED CURFE FIBER OPTICS EPOXY

- 1.0 APPLICATION

1.1 This specification establishes the requirements for a two part epoxy for :g,f}
. fiber optics terminations which requires elevated temperature curing. The T
contiauous service temperature rating is: =-60°C to +125°C. -

X 2.0 APPLICABLE DOCUMENTS

2.1 The following documents, the latest revisions in effect on the date of -
invitation to bid, except as otherwise noted, form a part of the specification to ’
the extent specified herein. -

ASTM D570 Test Method for Water Absorption of Plastics

ASTM D648 Test Method for Deflection Temperature of Plastics Under
Flexural Load

ASTM D797 Test Method for Rubber Property - Young's Modulus at Normal and
Subnormal Temperatures

ASTM D1200 Viscosity of Paints, Varnishes, and Lacquers by Ford Viscosity
Corp.

ASTM D2240 Test Method for Rubber Property - Durometer

MIL-STD-202 Method 107B Test Methods for Flectronic and Electrical Component
parts - Thermal Shock

MIL-1-16933 Insulating Compound, Electrical, Embedding - L

3.0 MATERIALS AND/OR SOLUTIONS

Not applicable.

4.0 EQUIPMENT AND FACILITIES

Not applicable. R

5.0 REQUIREMENTS

5.1 QUALIFICATION - The epoxy furnished under this specification shall be a
product which meets all of the requirements of this specification, which has been
tested and has passed the qualification tests specified herein, and which is listed
as an approved product.

5.2 MATERIAL AND MANUFACTURE - Products conforming to this specification
shall be manufactured in accordance with the best commercial practices using high
quality ingredient materials. T
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2.5.2 MCAIR RESERVES THE RIGNT TO PERFORM ANY INSPECTION OR TESTS TO INSURE COMPLIANCE WITH THIS SPECIFICATION,

2.6 PREPARATION FOR DELIVERY:

SHALL OE 1N ACCORDANCE WITH MIL-C-§5330.

INFORMATION BELOW THIS LINE IS NOT PERTINENT TO ENGINEERING ODESIGH

APPROVED
CALLOUT

APPROVED VENDOR AND VENOOR DESIGNATION A\

SUPERSEDED PARTS
NOT APPROVED FOR PROCUREMENT
FOR DISPOSIYION DIRECTIONS, (SEE 6M148)

5M2428- 16FOP
5M2428-16F0S

CF-198014-7
CF-198013-7

o

NONE
NONE

PROCUREMENT REQUIREMENTS. \\

RECEIVING INSPECTION REQUIREMENTS -

A\ APPROVED VENDOR'S NAME AND (FSCM NO.)

T 5Mzez8 DATEC JWLY 1984

BENDI« CORP., SIONEY, NY (77820)

5M2428

SMEET 2
—

“SPROVAL BATE: ALY 1964

WAC 30008 A0y 13 0As 17
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1760-PS1 (Continued) FIBER OPTICS
FABRICATION PROCEDURES

the two directions, a fault at one of the connector ends can usually be found.)
Use an OTDR (Paragraph 4.2.3) to locate the fault.

TABLE F-3. ACCEPTANCE CRITERIA

v LANLAI A et
« . A .
P IR e ‘ .
PR .

Test Acceptance Criteria

Cable Loss — 2 dB Maximum for a Single Cable Segment.
— Allow an Additional 3 dB for Each Cable
Segment Added in Series, That Is, 2
Cables in Series - 5 dB Maximum, 3
Cables in Series - 8 dB Maximum, etc.

GP43.0551-3
7.2.5 Reject all cables with unauthorized splices or connectors.
8.0 SAFETY

8.1 GENERAL PRECAUTIONS

8.1.1 First Aid — In event of eye or skin contamination by solvents:
8.1.1.1 Flush the exposed area with large amounts of water.

8.1.1.2 Remove contaminated clothing.

8.1.1.3 Secure first aid immediately.

8.1.2 Toxicology = Avoid prolonged breathing of solvent vapors. If this is
impossible, wear a respirator. Respirators used must be approved by the Safety and
Medical Department.

8.1.3 Fire Hazard - Do not use solvents in the vicinity of smoking, sparks or
open flames. Flammable solvents are extremely easy to ignite and fires may occur
with explosive violence. After using flammable solvents, be certain that no traces
linger on clothes or person before leaving a no-smoking area.

8.1.4 Handling and Storage

8.1.4.1 Wear safety glasses (or goggles) and rubber gloves while working with
solvents.

8.1.4.2 Do not smoke while working with flammable solvents or while in a .
no-smoking area.

8.1.4.3 Bare filament heaters or other sources of ignition, including metal
ob jects on shoes, are prohibited in flammable solvent areas. Electrical equipment,
including flashlights, shall be explosion proof. Avoid any action which may create
sparks, including dragging of steel drums, metal work stands, or similar objects,
across a concrete floor.

8.1.4.4 1If a part to be cleaned by a cloth wetted with flammable solvent has
an area to be cleaned exceeding one square foot, that part shall be electrically
grounded.
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1760-PS1 (Continued) FIBER OPTICS
FABRICATION PROCEDURES

8.1.4.5 Isolate flammable solvent storage areas from areas of fire hazard. :

Electrically ground all equipment in the storage area. Electrically bond <

{ dispensing and receiving containers to each other while transferring flammable
. solvents between the containers.

- 8.1.4.6 Store and handle solvents in properly labelled safety containers.
- Keep all containers closed while not in use.

8.1.4.7 Store solvents in cool, well ventilated areas.

8.1.4.8 Do not use solvents in confined areas unless specifically authorized.
Ensure that adequate ventilation is provided; the fumes are generally toxic,
flammable, and explosive.

8.1.4.9 Limit the quantity of flammable solvents in working areas to a
one—-day supply.

8.1.4.10 Ensure that parts which have been wetted with solvents are
completely dry prior to further processing. Unless specifically authorized, the
use of heat producing devices to accelerate drying is prohibited. -

8.1.4.11 Dispose of all rags in flammable solvent areas in special containers
designated for that purpose.

8.2 SOLVENTS

8.2.1 Freon TF - clear, colorless, nonflammable and moderately toxic. -

8.2.2 1Isopropyl alcohol - clear, colorless, moderately flammable and ;

moderately toxic. -

. 8.3 NONSOLVENT MATERIALS <

8.3.1 EPO-TEK 377 - not a fire hazard, but is toxic.

- 8.4 GLASS FIBERS

8.4.1 Broken pleces of glass fiber shall not be permitted to remain loose in
the work area.
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1760-PS2 FIBER OPTICS
‘ INSTALLATION PROCEDURES

INTERCONNECT, FIBER OPTICS, MIL-STD-1760, INSTALLATION OF AIRCRAFT

1.0 APPLICATION

1.1 This specification defines the procedures for the installation of a
MIL-STD-1760 fiber optics interconnect system. It contains only the procedures -
which are unique to fiber optics. All other MIL-W-5088 installation procedures for
standard electrical interconnect will be utilized.

1.2 This specification is applicable when specified on the Engineering draw-
ings and other process specifications or applicable documents.

2.0 APPLICABLE DOCUMENTS

[ 2.1 1ISSUES OF DOCUMENTS - The following documents, of the issue in effect on
! the date of invitation for bids or request for proposal, form a part of this
: specification to the extent specified herein:

(a) MIL-W-5088 Wiring, Aerospace Vehicle

(b) MIL-C-38999 Connector, Electrical, Circular, Miniature, High Density,
Quick Disconnect (Bayonet, Threaded and Breech Coupling), Environmental Resistant,
Removable Crimp and Hermetic Solder Contacts, General Specifications For

3.0 MATERIALS AND/OR SOLUTIONS

3.1 Laboratory clean gas
(a) Micro Duster Kit #TX600 (214-31369)

(b) Micro Duster Refill #TW104 (200-75410)
Texwipe Company, Upper Saddle River, NJ

3.2 Solvent, Freon TF, pressurized spray container, MIL-C-81302

3.3 Solvent, alcohol, isopropyl, TT-I-735

3.4 Tissue, optical wiping - Kodak #154-6027 or equivalent
3.5 Caps, dust, plastic, MS90376, various sizes :;“T
3.6 Bags, polyethylene, various sizes

4. EQUIPMENT AND FACILITIES

)
L

L] . ’ 'l
e d ookt

4.1 QUALITY ASSURANCE EQUIPMENT

AN

4.1.1 Flashlight, 2 Cell, "D" battery size A
4.1.2 Optical Attenuation Test Set (0DATS)

(a) UDT #8550, United Detector Technology, Culver City, CA 90230.
N (b) Wilcom #T312B, Wilcom Products Inc., Laconia, NH 03246.
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1760-PS2 (Continued) FIBER OPTICS
INSTALLATION PROCEDURES

4.1.3 Optical Time Domain Reflectometer (OTDR), suitahle for cables less than
30 feet in length, OPTIXX Model 401, or equivalent.

5.0 REQUIREMENTS

5.1 PROCESSING REQUIREMENTS

5.1.1 Fiber optics cables shall not be kinked, folded or crushed during
handling or installation. Ovar-stressing of a copper cable will cause degradation;
overstressing of a fiber optics cable will result in complete failure.

5.1.2 Cables and harnesses shall be installed in a neat and orderly manner.

5.1.3 Connectors

5.1.3.1 Cleaning - Prior to mating connectors, ensure that the connectors are
undamaged, free from dirt, chips, and foreign matter. Immediately prior to mating,
the fiber end shall be solvent cleaned and dried per Paragraph 6.2. If the
connectors have been unmated only momentarily and have been kept clean, the solvent

cleaning may be omitted.

5.1.3.2 Protection — Unmated connectors shall be protected from damage or
contamination.

5.2 END ITEM REQUIREMENTS

5.2.1 Harnesses - When a fiber optics cable is routed within a wire harness,
the harness shall meet the requirements of MIL-W-5088 except as noted herein.

5.2.2 Cable Slack - In addition to drip loop requirements, minimum slack
shall be left in cables to meet the following requirements:

5.2.2.1 Provide ease of maintenance.

5.2.2.2 Prevent mechanical strain on cables, cable junctions and cable
supports.

5.2.2.3 Provide free movement of shock and vibration mounted equipment.

5.2.2.4 Provide servicing of cockpit console control panels without
disturbing any other control panels.

Tt
. R
PR TP RN

5.2.2.5 Allow a minimum of 1~1/2 inches of slack for connector replacement.
This slack shall be between the connector and the second wiring support clamp.
That is, with the connector unmated and the first clamp loosened, the cable will ]
permit the front end of the connector shell to extend 1-1/2 inches beyond the point Vlzl
normally required to properly mate the connector. Cable routing shall accomodate ]
the slack without cable fold back. \

5.2.3 Cable Bend Radius - When it is necessary to bend a cable or harness,
the bend radius shall be as large as is feasible and shall be a minimum 10 times
the outside diameter of the fiber optics cahle or of the largest cable in the
harness.
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1760-PS2 (Continued) FIBER OPTICS
INSTALLATION PROCEDURES

5.2.4 Test

5.2.4.1 1Installation Check - As soon as possible following installation, each
cable shall be tested for continuity (Paragraph 6.4.1), individual cable loss
(Paragraph 6.4.2), or system cable loss (Paragraph 6.4.2). Refer to Table G-1 for
acceptance criteria.

5.2.4.2 System Check - An end to end system check of the total cable losses
per Paragraph 6.4.2, shall be made immediately after all cable segments are joined
together. Refer to Table G-1 for acceptance criteria.

TABLE G-1. ACCEPTANCE CRITERIA

Test Acceptance Criteria
Continuity (Paragraph 6.4.1) — Bright Light is Visible at End of Cable.
if in Doubt, Perform Paragraph 6.4.2 Test.
Cable Loss (Paragraph 6.4.2) — 2 dB Maximum for a Single Cable

— Allow an Additional 3 dB for Each Cable
Added in Series, That Is, 2 Cables in
Series - 5 dB Maximum, 3 Cables in
Series - 8 dB Maximum, Etc.

GP43.0551.36

6.0 PROCEDURES

6.1 GENERAL

6.1.1 When installing harnesses in an aircraft, conform to the standard
procedure for installation of wire harnesses and the requirements of this
specification.

6.2 CLEANING

6.2.1 Prior to mating, inspect the polished fihber ends for damage, contami-
nation, or debris. The socket contact should be closely inspected for debris. If
debris is visible or if losses are extensive, use pressurized clean gas (Paragraph
3.1) to dislodge the debris. If pressurized clean gas is not available or is not
successful, a metal probe may be used. Care must he taken not to damage the
contact parts or to scratch the polished fiber end. When the debris has been
cleared, spray the tip of the fiber optics contacts with Freon TF (Paragraph 3.2),
and dry them with an optical wiping tissue (Paragraph 3.4) or Q-Tip. If Freon TF
is not available, the fiber ends may be cleaned by dipping into or brushing them

with alcohol (Paragraph 3.3). Allow the contacts to air dry for 30 seconds or
more.

6.3 COUPLING CONNECTORS

6.3.1 Position the plug of the connector so that the keyway of the plug and
receptacle line up. Slide the coupling nut onto the receptacle shell and turn the
nut until it is fully engaged. When coupling MIL-C-38999 Series III connectors,
extra caution should be taken to ensure that the contacts of the connector are

120




1760-PS2 (Continued) FIBER OPTICS
INSTALLATION PROCEDURES

engaged to a definite stop. When the receptacle 1s positioned so there is a clear
view of the red line, tighten the coupling nut until the red line is no longer
vigible and the coupling nut will no longer turn. If the red line cannot be
clearly viewed, tighten the coupling nut as far as possible by hand. Finish
tightening the nut with an appropriate spanner wrench or a leather or fabric strap
wrench until the connector hottoms out and the coupling nut will no longer turn.

6.4 TEST PROCEDURES

6.4.1 Continuity Check - Using a 2 "D"-cell flashlight (Paragraph 4.1.1) as a
source at either end of test cable, ensure that light is visible at the other cable
end.

6.4.2 Cable Loss Measurement - Measure cable loss using the OATS (Paragraph
4.1.2) test set as follows:

6.4.2.1 Connect one pigtail cable to the RECEIVE port of the OATS.
6.4.2.2 Connect another pigtail cable to the TRANSMIT port of the OATS.
6.4.2.3 Connect the two cables together.

6.4.2.4 Adjust the ATTEN-0-ADJ knob for 0.00 on the display.

6.4.2.5 Insert the individual cable or cable system to be tested between the
two cables.

6.4.2.6 Read the loss in dB in the display window.

6.5 CONNECTOR PROTECTION

6.5.1 When the connectors are unmated, cover the contacts with a plastic dust

cap (Paragraph 3.5), a polyethylene bag (Paragraph 3.6) or other device to prevent
damage or contamination.

7.0 QUALITY ASSURANCE PROVISIONS

7.1 Surveillance shall he maintained to ensure adherence to Section 5 require-
ments.

7.2 PROCESS CONTROL

7.2.1 Surveillance shall be maintained to ensure adherence to Section 6
procedures and restrictions.

7.3 ACCEPTANCE CONTROL

7.3.1 Verify that all connections are tight and that all cabling is installed
in a neat, orderly manner.

7.3.2 Verify that all hardware (including unused) is tight and that proper o)
hardware has been used. BRI




1760-PS2 (Continued) FIBER OPTICS
INSTALLATION PROCEDURES

7.3.3 Measure the loss of each installed cable per Paragraph 6.4. Reject all
cables which exceed the allowable losses in Table G-1. Use an OTDR (Paragraph
4.1.3) to locate faults in the cable.

8.0 SAFETY

8.1 GENERAL PRECAUTIONS

8.1.1 First Aid - In event of eye or skin contamination by solvents:
8.1.1.1 Flush the exposed area with large amounts of water.

8.1.1.2 Remove contaminated clothing.

8.1.1.3 Secure first aid immediately.

8.1.2 Toxicology - Avoid prolonged breathing of solvent vapors. If this is

impossible, wear a respirator. Respirators used must be approved by the Safety and
Medical Department.

8.1.3 Fire Hazard - Do not use solvents in the vicinity of smoking, sparks,
or open flames. Flammable solvents are extremely easy to ignite and fires may
occur with explosive violence. After using flammable solvents, be certain that no
traces linger on clothes or person before leaving a no-smoking area.

8.1.4 Handling and Storage

8.1.4.1 Wear safety glasses (or goggles) and rubber gloves while working with
solvents.

8.1.4.2 Do not smoke while working with flammable solvents or while in a
no-smoking area.

8.1.4.3 Bare filament heaters or other sources of ignition, including metal
ob jects on shoes, are prohibited in flammable solvent areas. Flectrical equipment,
including flashlights, shall be explosion proof. Avoid any action which may create
sparks, including dragging of steel drums, metal work stands or similar ob jects,
across a concrete floor.

8.1.4.4 Electrically ground any part to be cleaned with a cloth wetted with
flammable solvent if the area to he cleaned exceeds one square foot.

8.1.4.5 1Isolate flammable solvent storage areas from areas of fire hazard.

Flectrically ground all equipment in the storage area. Flectrically bond

dispensing and receiving containers to each other while transferring flammable
solvents between the containers.

8.1.4.6 Store and handle solvents in properly labelled safety containers.
Keep all containers closed while not in use.

8.1.4.7 Store solvents in cool, well ventilated areas.
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1760~-PS2 (Continued) FIBER OPTICS
INSTALLATION PROCEDURES

8.1.4.8 Do not use solvents in confined areas unless specifically authorized.
Ensure that adequate ventilation is provided; the fumes are generally toxic,
flammable and explosive.

8.1.4.9 Limit the quantity of flammable solvents in working areas to a
one-day supply.

8.1.4.10 Ensure that parts which have been wetted with solvents are
completely dry prior to further processing. Unless specifically authorized, the
use of heat producing devices to accelerate drying is prohibited.

8.1.4.11 Dispose of all rags in flammable solvent areas in special containers
designated for that purpose.

8.2 SOLVENTS
8.2.1 Freon TF - clear, colorless, nonflammable and moderately toxic.

8.2.2 1Isopropyl Alcohol - clear, colorless, moderately flammable and
moderately toxic.

8.3 GLASS FIBERS

8.3.1 Broken pieces of glass fiber shall not be permitted to remain loose in
the work area.
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1760-PS3 FIBER OPTICS
MAINTENANCE/REPAIR
PROCEDURES

SPECIFICATION, INTERCONNECT, FIBER OPTICS, MAINTENANCE/REPAIR PROCEDURES, AIRCRAFT

1.0 APPLICATION

1.1 This specification defines the procedures for the maintenance/repair of )
fiber optics interconnect in military aircraft. . i

1.2 This specification is applicable when specified by Engineering.

2.0 APPLICABLE DOCUMENTS

2.1 SPECIFICATIONS ‘

MIL-W~-5088 - Wiring, Aerospace Vehicle :

1760-pPS1 - Specification, Interconnect, Fiber Optics, Fabrication of

1760-PS2 - Specification, Interconnect, Fiber Optics, Installation of )

1760-TS1 = Course, Training, Fiber Optics, Specification for

3.0 MATERIALS AND/OR SOLUTIONS

3.1 Solvent, Trichlorotrifluoroethane (Freon TF), pressurized spray container ;'
- MIL-C-81302. . -

3.2 Solvent, alcohol, isopropyl - TT-1-735. }

3.3 Tissue, optical wiping - Kodak #154-6027 or equivalent. E?

3.4 Laboratory clean gas ’

- Micro Duster Kit #TX600 or equivalent

-~ Micro Duster Refill #TX104 or equivalent

3.5 Caps, dust, plastic - MS90376 various sizes. >

3.6 Bags, polyethylene, various sizes. ﬁ(j‘}

3.7 1Insulation sleeving, heat shrinkable, Polyolefin - M23053/5. A :Ei#;;
Type 3;8 Tape, pressure sensitive adhesive (PSAT), Teflon, bondable - MIL-T-23594 . ;--;“i

3.9 Tape, lacing or tying - MIL-T-43435.

4. EQUIPMENT AND FACILITIES

4.1 PROCESS EQUIPMENT S,

4.1.1 Cleaning tank, ultrasonic - Ultromet #75-1970-115-A8 or equivalent.
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1760-PS3 (Continued) FIBER OPTICS

MAINTENANCE/REPAIR
PROCEDURES

4.1.2 1Insertion/extraction tool, metal, M81969/14-03.
4.1.3 Insertion/extraction tool, plastic, MS27509A16, MS27509R16.
4.1.4 Heat gun, 300°F-500°F +10° - Master Appliance #HG-301.

4.2 QUALITY ASSURANCE EQUIPMENT

4.2.1 Flashlight, 2 cell, "D" battery size.
4.2.2 Optical Attenuation Test Set (O0ATS)

- UDT #8550 -~ United Detector Technology, Culver City, CA 90230
- Wilcom #T312B -- Wilcom Products Inc., Laconia, NH 03246

4.2.3 oOptical Time Domain Reflectometer (OTDR), Suitable for cables less than
30 feet in length -- Optixx #401 or equivalent.

5. REQUIREMENTS

5.1 The requirements of MIL-W-5088 shall be followed except where procedures
unique to fiber optics interconnect are specified.

5.2 CONNECTORS

5.2.1 Contact Assembly - Contacts shall be terminated per 1760-PSl.

5.2.2 Contact Insertion & Extraction — All contacts shall be inserted or
extracted using plastic or metal tools approved for the connector.

5.2.3 Cleaning - Prior to mating connectors, make certain that the connectors
are undamaged, free from dirt, chips, and foreign matter. Immediately prior to
mating, the fiber end shall be solvent cleaned and dried per Paragraph 6.1. If the
connectors have been unmated only momentarily and maintained clean, the solvent
cleaning may be omitted.

5.2.4 Mating - Threaded connectors shall be finger tightened until the red
line is no longer visible.

5.2.5 Unmated Connector & Contacts - Unmated connectors & contacts shall be
protected from damage or contamination per Paragraph 6.4.

5.2.6 Open Circuit Contacts - Contacts which are determined to have an open
circuit shall be cut off and the cable shall be reterminated.

5.3 POLISHED FIBER ENDS

5.3.1 The fiber shall be centered in the contact end, the surface flat, with
a minimum of scratches and chips, and exhibiting adhesion to the contact. The
fiber shall not protrude from the face of the contact.

5.3.2 Polishing of fiber ends shall be done only with the contact in the
polishing fixture and using the procedures of 1760-PSl.

127




— R — — g Camn S Jaui s e et NPt Saie St B vy DRtk Shit i
3 - s PN . . . N

1760-PS3 (Continued) FIBER OPTICS
MAINTENANCE/REPAIR
PROCEDURES

5.4 CABLES
5.4.1 1Install cables per 1760-PS2.

5.4.2 Fiber optics cables shall be installed without kinking, folding over,
or crushing during handling or installation.

5.4.3 When 1t is necessary to bend a cable, the bend radius shall be as large
as feasible and shall be a minimum 10 times the outside diameter of the fiber
optics cable or of the largest cable in the harness.

5.4.4 The cable shall be spliced only after obtaining Fngineering approval,
using only specified parts.

S.4.5 Damage to the cable outer jacket and strength member which is not
greater than 2 inches in continuous length and does not extend more than 90° around
the circumference of the cable shall be repaired per Paragraph 6.5. If the cable
is damaged more extensively, cut out the damaged area and splice the cable per
Paragraph 5.4.4.

5.5 TESTING

5.5.1 The maximum allowable loss for a cable shall be 2dB, plus 3dB for each
additional cable connected in series. For example: 1 cable, 2dB; 2 cables, 5dB; 3
cables, 7dB; etc. Measurements shall be made per Paragraph 6.5.2.

5.5.2 For a preliminary circuit evaluation, the continuity check defined in
Paragraph 6.5.1 may be performed.

5.6 PERSONNEL

5.6.1 Personnel using these procedures shall have completed the 1760-TS1 . .
training program. RS

6.0 PROCEDURES - f.t.“

6.1 Cleaning ®

6.1.1 1Inspect for any debris which may have been trapped, especially in the
socket contact containing the alignment sleeve. If debris is visible or if losses
are excessive, use pressurized clean gas (Paragraph 3.4) to dislodge the debris.
If pressurized clean gas is not available or is not successful, a metal probe may

be used. Care must be taken not to damage any contact parts or scratch the . L
polished fiber end.

6.1.2 The polished fiber ends shall be cleaned ::y any of the following -_“;g:@
methods: ::ﬂﬂdﬂF

6.1.2.1 Dipping the contact end into an ultrasonic cleaning tank (Paragraph
4.1.1) of Freon TF (Paragraph 3.1) for a minimum of 10 seconds.
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1760-PS3 (Continued) FIBER OPTICS
MAINTENANCE/REPAIR

PROCEDURES
6.1.2.2 Spraying the fiber end of the contact with Freon TF (Paragraph 3.1).

6.1.2.3 Dipping into or brushing the fiber end of the contact with alcohol
(Paragraph 3.2).

6.1.3 1In all of the cleaning methods, the polished fiber end shall be allowed
to air dry a minimum of 30 seconds or shall be immediately wiped with an optical -
wiping tissue (Paragraph 3.3).

6.2 CONTACT INSERTION AND EXTRACTION

6.2.1 1Insert contacts into and extract contacts from connectors using the
same tools provided for electrical contacts (Paragraphs 4.1.2 and 4.1.3). The
contact must be fully inserted and the contact locking system must be engaged.
Aprly tension to the cable to verify contact locking.

6.3 CONNECTOR COUPLING PROCEDURE

When coupling MIL-C-38999 Series IIl connectors, extra caution should be taken
to ensure that the contacts are engaged to a definite stop. When the receptacle is
positioned so there is a clear view of the red line, tighten the coupling nut until
the red line is no longer visible and the coupling nut will no longer turn. If the
red line cannot be clearly viewed, tighten the coupling nut as far as possible by
hand. Finish tightening the nut with an appropriate spanner wrench, or a leather

or fabric strap wrench until the connector bottoms out and the coupling nut will no
longer turn.

6.4 CONNECTOR CONTACT PROTECTION

6.4.1 Polished fiber ends shall be protected before and after installation
into the connectors by any of the following methods:

6.4.1.1 Plastic dust cap (Paragraph 3.5)

6.4.1.2 Polyethvlene bag (Paragraph 3.6)

h.4.13 Other device which provides protection from damage and contamination.

6.5 CABLE REPAIR .

6.5.1 Cables which exhibit damage to the outer jacket and strength member e
shall be repaired as follows: :(“'

6.95.1.1 Where the end of the cable is accessible, slide a length of shrink ) 1
sleeving (Paragraph 3.7) over the damaged area. The shrink sleeve material shall
be long enough to extend 1 inch past each end of the damaged area. Shrink the
sleeving in place using a heat gun (Paragraph 4.1.3)

e T
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6.5.1.2 Cover the shrink sleeving with a convoluted wrap of tape (Paragraph
3.8). The tape shall overlap itself by 50%. Use lacing tape (Paragraph 3.9) to 1
secure the free end of the wrapping tape.
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760-PS1-TM (Continued) FABRICATION
TRAINING

GP43-0551.12

Figure J-9. Fiber Cleaning Using Freon TF Spray

GP43-0551.13

Figure J-10. Epoxy Measurement
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1760-PS1-TM (Continued) FABRICATION
TG

\ g

GP43-0551-10

Figure J-7. Strength Member Trim

GP43-0551-11

Figure J-8. Buffer Removal

N AT A et e e T T e A At T T e e Tt e e e T et e e T T e e -
e s e e T T e e e T A I T S I S A S SR S e S B - e I P AT PR
PR TP TR AR, SRR WL W A S Al A OO RN DGR S G G R P Sy




1760-PS1-TM (Continued) FABRICATION
TRAINING

N

GP43-0551.8

Figure J-5. Strip Measurement
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GP43-0551-9

Figure J-6. Strength Member Comb Out
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1760~-PS1-TM (Continued) FABRICATION
TRAINING

5.2.6 Mating - Polished fiber ends shall be cleaned per Paragraph 6.4
immediately prior to mating with other components. EXCEPTION: In a clean room,
the polished ends may be left unprotected for up to one hour prior to mating,
without recleaning.

5.3 HARNESS FABRICATION

5.3.1 General - All brailding and shielding procedures will conform to present
methods used on standard electrical interconnect systems.

5.3.2 Harness Length - The length tolerance in completed fiber optics
harnesses shall be plus +0.5, -0.0 inch.

5.3.3 Branches = The branch break-out tolerance shall be + 0.50 inch from
the position shown on the harness board.

5.3.4 Splices — Fiber optics cable shall be spliced only when authorized by
Engineering. Replace the cable when jacket damage exceeds superficial nicks or
scuffing or when the losses defined in Paragraph 5.2.4 are exceeded.

5.3.5 Radius of bend - Wiring bend radii shall comply with the requirements
of MIL-W-5088, with the exception that for an individual fiber optics cable, the
minimum bend radius allowable is ten times the outside diameter of the cable.

5.3.6 Unbraided harness — Plastic cable straps per MIL-W-5088 shall be used
as secondary support to form the harness and to secure breakouts. The straps shall
be spaced at intervals not greater than 12 inches.

6.0 PROCEDURES

6.1 CABLE TERMINATION

6.1.1 Trim and prepare the cable to the dimensions shown in Figures J-5
through J-8 with the tools listed in Table J-2.

6.1.2 Cleaning - Clean the portions of the cable and the connector parts to L
be epoxied by dipping them in the ultrasonic tank (Paragraph 4.1.1) of liquid Freon )
TF (Paragraph 3.2.1). If not available, use Freon TF spray (Paragraph 3.2.2). RS
Wipe the fiber clean with a tissue or cotton cloth wiper (Paragraph 3.2.4 or

3.2.5), and allow the fiber to dry for 30 seconds or more. See Figure J-9, 5 :j
6.1.3 Epoxy Mixing .ij:#
RN

CAUTION: Avoid epoxy contact with skin and eyes. Use in a well ventilated
area,

6.1.3.1 Elevated Temperature Cure Epoxy — Mix equal parts by weight of the

two part epoxy {(Paragraph 3.1l.1) in a clean glass, stainless steel, paper, or polye- -gﬂﬁ
thylene container. See Figure J-10. Stir thoroughly with a clean wood, glass, or S
stainless steel stirrer. The mixed pot 1life is 8 hours or longer. Keeping the con- R

tainer closed when the epoxy 1s not being used will extend its pot life. Discard

the material when it starts to gel. Use the Paragraph 3.1.1 epoxy for general L
production. s




1760-PS1-TM (Continued) FABRICATION
TRAINING

GP43-0551-7

Figure J-4. Outer Jacket Removal

TABLE J-1. TOOLS FOR STRIPPING

W Cable Ct;mb;n;nt Stripping
to Be Removed Method

Quter Jacket Paragraph 4.1.8, 4.1.9, 0or 4.1.10 ®
Braid Scissors or Equivalent

inner Jacket Paragraph 4.1 11 or 4.1.12 L r
Butter Paragraph 4.1 13 or 4.1 14 i

GP43.0551-1
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1760-PS1-TM (Continued) FABRICATION
TRAINING

GP43-0551-8

Figure J-3. Optical Time Domain Reflectometer (OTDR)

5.0 REQUIREMENTS

5.1 GENERAL

5.1.1 When a fiber optics cable is routed within a wire harness, the harness
shall meet the requirements of MIL-W-5088.

5.2 CABLE TERMINATION

5.2.1 Jacket stripping ~ The jacket shall be removed to expose the fiber
without damaging the fiber. See Figure J-4.

5.2.2 Cleanliness — The jacket, fibers, and contacts which are to be joined
with epoxy shall be clean and dry prior to epoxy application.

5.2.3 Fiber End Finish - The fiber shall be centered in the contact, be flat
with a minimum of scratches or chips, exhibit proper adhesfon to the contact, and
shall not protrude from the face of the polishing fixture.

5.2.4 Allowable Losses - The losses in the cable shall be measured per
Paragraph 7.2.4. Reject any cable whose losses exceed the value given in Table
J-1. A cable with terminations on each end must meet this requirement in both
directions.

5.2.5 Polished Fiber Protection - The polished fiber ends shall be protected
from damage and/or contamination.




1760-PS1-TM (Continued) FABRICATION
TRAINING

GP43-0551-4

Figure J-1. Optical Attenuation Test Set (OATS)

GP430851-8
Figure J-2. Optical Attenuation Test Set (OATS)
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1760-PS1-TM (Continued) FABRICATION
TRAINING
4.1.1 Cleaning tank, ultrasonic, Ultromet 75-1970-115-A8 or equivalent

4,1.2 Hypodermic needle, Yale 18 gage, 1-1/2 inches long, Becton-Bickinson
Co. (used with 4.1.3)

4.1.3 Syringe, disposable, 5cc, #156-000, Curtin Co.
4.1.4 Oven, air circulating, 150°F-300°F + 10°
4.1.5 Fixture, polishing

(a) 317-1774-000, ITT Cannon, Santa Ana, CA 92702, for 1760-CS2-1 and
1760-CS3-1.

(b) 1L36251-321, Amphenol Products, Sidney, NY 13838, for 1760-CS2-2 and
1760-CS3-2.

4.1.6 Heat gun, 300°F-500°F + 10°~--HG 301, Master Appliance, Racine, Wis.
4.1.7 1Insertion/removal tool, M81969/14-03

4.1.8 Stripper, bhlade, 45-176 with L-5559 blade set--Ideal Industries In:.
4.1.9 Stripper, blade, 45-162 with L-9225 blade-—Ideal Industries Inc.
4.1.10 Blade, razor or exacto type

4.1.11 Stripper, blade, 45~176 with L-4994 blade set--Ideal Industries Inc.

4.1.12 Stripper, blade, No-nik, 0.0201 cutting range, royal blue, Clauss
Cutlery Co., Fremont, Ohio.

4.1.13 Stripper, blade, Model MS, Micro-Strip 0.008, Utica Tool Co. Inc.

4.1.14 Stripper, blade, No-nik, 0.010 cutting range, light blue, Clauss
Cutlery Co., Fremont, Ohio.

4.2 QUALITY ASSURANCE EQUIPMENT

4.2.1 Magnifier, 20-40x
4.2.2 Optical Attenuation Test Set (OATS)

(a) UDT #8550, 'mited Detector Technology, Culver City, CA 90230. See
Figure J-1.

(b) Wilcom #T312B, Wilcom Products Inc., Laconia, NH 03246. See Figure J-2.

4.2.3 Optical Time Domain Reflectometer (OTDR), resolution - 40cm, Probe,
Pulse Width - 4ns FWHM, Probe, Pulse Return - lns, OPTIXX Model 401. See Figure
J-3.




1760-PS1-TM™ FABRICATION
TRAINING

SPECIFICATION, INTERCONNECT, FIBER OPTICS, FABRICATION OF (TRAINING)

1.0 APPLICATION

1.1 This specification defines the procedures for the fabrication of a fiber
. optics interconnect system. It contains only those procedures which are unique to
| fiber optics. All other standard electrical interconnect procedures will be .
utilized.

1.2 This specification is applicable when specified on the Engineering
drawings and other process specifications or applicable documents.

2.0 APPLICABLE DOCUMENTS

2.1 1ISSUES OF DOCUMENTS - The fullowing document, of the issue in effect on
the date of invitation for bids or request for proposal, form a part of this
specification to the extent specified herein:

) MIL-W-5088 Wiring, Aerospace Vehicle.

3.0 MATERIALS AND/OR SOLUTIONS

3.1 END ITEMS MATERIALS

3.1.1 FEpoxy, elevated temperature cure, two—part - 1760-MSl.

3.1.2 Epoxy, elevated temperature cure - premeasured 4 gram, 2 pouch kit,
1760-MS1.

3.2 OTHER MATERIALS

3.2.1 Solvent, Freon TF, liquid, MIL-C-81302.
3.2.2 Solvent, Freon TF, pressurized spray container, MIL-C-81302.
3.2.3 Solvent, alcohol, isopropyl, FED TT-I-735.

3.2.4 Tissue, optical wiping - Kodak #154-6027 or equivalent.

3.2.5 Cotton cloth wipers - Cheesecloth, commercial.

; 3.2.6 Polishing sheets, adhesive backed, Color/Micron -- Blue/40, Yellow/12, 'i;?'
) Pink/3, Violet/1l. Imperial PSA Lapping Film Sheets, 3M Co., Minneapolis, MN.

3.2.7 Caps, dust, plastic, MS90376
3.2.8 Bags, polyethylene, various sizes

, 4.0 EQUIPMENT AND FACILITIES

4.1 PROCESS EOUIPMENT R
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1760~-PS3 (Continued) FIBER OPTICS
MAINTENANCE/REPAIR

PROCEDURES

8.2.2 Isopropyl alcohol - clear, colorless, moderately flammable and
moderately toxic.

8.3 GLASS FIBERS

8.3.1 Broken pieces of glass fiber shall not bhe permitted to remain loose in
work areas.

9.0 NOTES

9.1 The time necessary to prepare a single contact termination is about 40
minutes. This is based on 5 minutes to strip the cable and assemble the contact,
30 minutes to cure the epoxy, and 5 minutes for polishing. On an aircraft in
service, the elapsed termination time may be longer.
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1760-PS3 (Continued) FIBER OPTICS
MAINTENANCE/REPAIR

PROCEDURES

8.1.3 Fire Hazard - Do not use solvents in the vicinity of smoking, sparks, o
or open flames. Flammable solvents are extremely easy to ignite and fires may
occur with explosive violence. After using flammable solvents, he certain that no
traces linger on clothes or person before leaving a no-smoking area.

8.1.4 Handling and Storage

8.1.4.1 Wear safety glasses (or goggles) and rubber gloves while working with
solvents.

8.1.4.2 Do not smoke while working with flammable solvents or while in a
no-smoking area. .

8.1.4.3 Bare filament heaters or other sources of ignition, including metal
ob jects on shoes, are prohibited in flammable solvent areas. Electrical equipment,
including flashlights, shall be explosion proof. Avoid any action which may create
sparks, including dragging of steel drums, metal work stands, or similar ob jects,
across a concrete floor.

8.1.4.4 1If a part to be cleaned by a cloth wetted with flammable solvent has
an area to be cleaned exceeding one square foot, that part shall he electrically
grounded.

8.1.4.5 Isolate flammable solvent storage areas from areas of fire hazard. T
Electrically ground all equipment in the storage area. Electrically bond e
dispensing and receiving containers to each other while transferring flammable -,
solvents between the containers. <

8.1.4.6 Store and handle solvents in properly labelled safety containers. -
Keep all containers closed while not in use. :

8.1.4,7 Store solvents in cool, well ventilated areas.

8.1.4.8 Do not use solvents in confined areas unless specifically authorized.
Ensure that adequate ventilation is provided; fumes are generally toxic, flammable,
and explosive.

8.1.4.9 Limit the quantity of flammable solvents in working areas to a - -
one-day supply. o

8.1.4.10 Ensure that parts which have been wetted with solvents are el
completely dry prior to further processing. Unless specifically authorized, the ST
use of heat producing devices to accelerate drying is prohibited. T

8.1.4.11 Dispose of all rags from flammable solvent areas in special
containers designated for that purpose.

8.2 SOLVENTS

8.2.1 Freon TF - clear colorless, nonflammable and moderately toxic. -
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1760~-PS3 (Continued)

FIBER OPTICS
MAINTENANCE/REPAIR
PROCEDURES

TABLE H-1. TROUBLE CORRECTION PROCEDURES

Trouble Possible Problems Corrections
No Light Open at Connector
(Open) — Connector Uncoupled Couple All Connectors in Test Circuit (Paragraph 6.3)

~— Connector Not Fully Coupled
— Connector Will Not Fully Couple

— Contact Not Fully Seated
in Connector

Open Cable
— Crushed Cable

— Cut Cable

— Kinked or Foided Over

Excessive Connector Not Fully Coupled
Losses Connector Will Not Fully Couple
Contamination at Polished Fiber

Debris at Polished Fiber
(More Likely at Socket End)

Alignment Sieeve Missing
From Socket

Alignment Sleeve Damaged

Fiber End Damaged (Scratched
Cracked, Chipped)

Fully Coupie Connector (Paragraph 6.3)
Replace Connector (Paragraph 6.3)

Extract and Reinsert Contact (Paragraph 6.2)

Replace Interconnect Assembly or Repair Splice
(Paragraph 6.4)

Replace Interconnect Assembly or Repair Splice
(Paragraph 6.4)

Replace Interconnect Assembly or Repair Splice
(Paragraph 6.4)

Fully Coupie Connector (Paragraph 6.3}
Replace Connector (Paragraph 6.3)
Clean (Paragraph 6.1)

Remove Debris and Clean (Paragraph 6.1)

install Alignment Sleeve (1760-PS1)
Replace Alignment Sleeve {1760-PS1)

Repolish or Replace Contact (1760-PS1)

GP4™ 0551.37

7.2.4 Reject all cables with unauthorized splices or connectors.

7.2.5 Verify proper strain relief at the connector.

R. SAFETY

8.1 GENERAL PRECAUTIONS

8.1.1 First Aid ~ In event of eye or skin contamination by solvents:

8.1.1.1 Flush the exposed area with large amounts of water.

8.1.1.2 Remove contaminated clothing.

8.1.1.3 Obtain first aid immediately.

8.1.2 Toxicology - Avoid prolonged breathing of solvent vapors. If this is
impossible, wear a respirator. Respirators used must he approved by the Safety and
Medical Department.
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1760-PS3 (Continued) FIBER OPTICS
MAINTENANCE/REPAIR
PROCEDURES

6.5.2 Cables with excessive damage cannot be repaired. The damaged section
must be cut out and the cable spliced (Paragraph 5.4.5).

6.6 TEST PROCEDURES

6.6.1 Continuity Check - Using a 2 cell, "D" battery size flashlight
(Paragraph 4.2) as a source at either end of the test cable, visually inspect for
light to bhe transmitted to the other end of the cable.

6.6.2 Measure cable loss using the OATS (Paragraph 4.1.1) as a source and a
receiver as follows.

6.6.2.1 Connect one jumper cable to the RECEIVE port of the OATS (Paragraph
4.3.6).

6.6.2.2 Connect another jumper cable to the TRANSMIT port of the OATS
(Paragraph 4.3.6).

6.6.2.3 Connect the two cables together.
6.6.2.4 Adjust the ATTEN-0-ADJ knob for 0.00 on the display.

6.6.2.5 Insert the cable or cable system to be tested between the two jumper
cables.

6.6.2.6 Read the loss in dB in the display window.

6.6.3 If the continuity check (Paragraph 6.5.1) or the OATS (Paragraph 6.5.2)
measurement is not acceptable, refer to Table H-1 for correction procedures.

7.0 QUALITY ASSURANCE PROVISIONS

7.1 Process Control

7.1.1 Verify that the polished fibers are protected from damage or
contamination.

7.1.2 Verify that the contact termination is performed according to 1760-PSl1.
7.1.3 Verify that personnel have been trained per 1760-TSl.

7.2 ACCEPTANCE CONTROL

7.2.1 Visually inspect to verify that the cured epoxy shows proper adhesion
between the fiber and the ferrule.

7.2.2 Visually inspect the cable and terminated ends for damage - nicks,
scratches, contamination, etc.

7.2.3 Verify that loss measurements do not exceed Paragraph 5.4.1 maximum
values.
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1760-PS1-TM (Continued) FABRICATION
TRAINING

TABLE J-2. EPOXY CURE SCHEDULE

Minimum
Time Temperature
(hr) +10°F
1/2 300°*
2 250

“A heat gun {Paragraph 4 1 7) may be used if the temperature 1s momitored to + 25°F
With the nozzle vents open, the temperature should be 300°F about 1-1/2 - 2 inches
from the nozzle end

Caution: Exercise Care That Heat From the Heat Gun Is Not Directed
at Heat Sensitive Materials or Parts in Adjacent Areas.

GP43-0551-2

6.1.3.2 Premeasured 2 Pouch Kit, Elevated Temperature Cure Epoxy = Remove
the separator from the premeasured 2 pouch kit (Paragraph 3.1.2). Knead the epoxy
while it is still in the packet. Cut off a corner of the packet to dispense the
epoxy. The mixed pot life is 8 hours or longer. Discard the material when it
starts to gel. Use Paragraph 3.1.2 epoxy where only a few terminations are to be
made.

6.1.4 Epoxy Application

6.1.4.1 1Install the hypodermic needle (Paragraph 4.1.2) on the syringe

(Paragraph 4.1.3). Fill the syringe with epoxy. Hold the syringe with the needle
pointed upward so that any air bubbles will rise to the surface. Force air bubbles
out of the syringe through the needle. See Figure J-1l1. Insert the syringe into
the rear of the contact as far as possible and slowly fill the contact half full
with epoxy. (Take care not to get alr bubbles into the contact.) Epoxy should
come through the hole at the end of the connector. See Figure J-12,

6.1.4.2 Wrap a striy, of Teflon or other non-adhesive material around the
strength member to hold it in place. Slide the contact over the stripped cable,
rotating the contact until the fiber finds the hole. See Figure J-13. Work the
Tef lon back as the braid goes into the contact. When all but O.1 inch of fiber is
protruding from the end of contact, the cable 1s properly seated.
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Figure J-11. Removal of Air From Epoxy-Filled Syringe .
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Figure J-12. Fill Contact With Epoxy e
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-
GP43.0551-18 :;?;{
Figure J-13. Cable Insertion RS
NOTE: Ensure that the strength member is not bunched at the base of the .Q:
contact. .jﬁ
6.1.4,3 Apply a drop of epoxy at the fiber tip and remove any excess epoxy -
from the exterior of the contact with a wiper (Paragraph 3.2.5). T““
6.1.4.4 Cure the termination assembly in a horizontal position in accordance
with Table J~3. See Figures J-~14, J-15,
6.1.5 Fiber End Finish
6.1.5.1 Carefully cut or break off any excess fiber at the surface of the
epoxy bead, leaving 1/16 inch or more to be ground off. For this operation, nail
clippers or their equivalent may be used to cut the protruding fiber, or the fiber
may be broken off by simply bending the fiber with your flngers.
. 6.1.5.2 Insert the contact into the polishing fixture (Paragraph 4.1.5) so .
that the untrimmed fiber will extend beyond the fixture face. -

6.1.5.3 Position a blue polishing sheet (Paragraph 3.2.6) on a flat surface RS
and apply clean tap water over area to be utilized. Water is necessary as a ol
lubricant., -
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1760-PS1-T™ (Continued) FABRICATION

TRAINING
9 TABLE J-3. ACCEPTANCE CRITERIA
L.
Test Acceptance Criteria
Cable Loss — 2 dB Maximum for a Single Cable Segment. .

¥ — Allow an Additional 3 dB for Each Cable
i Segment Added in Series, That !s, 2
- Cables in Series - 5 dB Maximum, 3

Cables in Series - 8 dB Maximum, etc.

GP43.0551-3
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Figure J-14. Oven Cure
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1760-PS1-TM (Continued) FABRICATION
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GP43-055118

Figure J-15. Heat Gun Cure

6.1.5.4 Mcve the polishing fixture in a long figure eight motion until a thin
layer of epoxy just covers the fiber end face. See Figure J-16. Flush the fiber
end, polishing fixture, and work area with clean water.

6.1.5.5 Turn the polishing fixture so that the polishing direction is
perpendicular to the prior polishing direction, Using yellow polishing sheets,
polish the end of the fiber until all scratch marks have been removed. Flush the
fiber end, polishing fixture, and work area with clean water.

6.1.5.6 Repeat the steps in Paragraph 6.1.5.5 using the pink polishing
gsheets.,

6.1.5.7 Repeat the steps in Paragraph 6.1.5.5 using the violet polishing
sheets, Verify that neither the contact nor the fiber protrude past the fixture by
drawing a straight edge across face of the polishing fixture.

6.1.5.8 Wash the tip of the contact using clean water and clean the contact
ultrasonically using Freon (Paragraph 3.2.1). If the ultrasonic tank (Paragraph
4.1.1) 18 not avallable, use a dip or spray of Freon TF (Paragraph 3.2.2). DOry the
contact with heat (Paragraph 4.1.6) or cotton cloth wipers (Paragraph 3.2.5).
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GP43-0551-19

Figure J-16. Fiber Polish

6.1.5.9 Examine the fiber end for gross imperfections using 40X magnification
(Paragraph 4.2.1). Ensure that the optical surface is flat and free of scratches, _
chips or epoxy smears. See Figure J-17. 1If necessary, repeat the polishing steps ®
in Paragraphs 6.1.5.5 through 6.1.5.7.

6.1.6 Socket Contract Assembly (Figure J-18)

6.1.6,1 1760-CS3-1 - After polishing {s complete, insert the spring into the :
outer sleeve from the end opposite the shoulder. Then slide these parts over the ®
terminated socket, shoulder end first. The small end of the gulde sleeve is then

pressed on, captivating the assembly, Lightly pull on the guide sleeve to verify
captivation.

6.1.6.2 1760-CS3-2 - The socket contact spring has been factory installed.
The long end of the guide sleeve 1is pressed onto the terminated socket contact . ®
until 1t seats against the socket contact shoulder.

chbd
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6.2 CONTACT INSERTION INTO CONNECTOR

NOTE: Prior to contact insertion, use a dip or spray of Freon TF (Paragraphs S
3.2.1 or 3.2.2) to clean the contact. Dry the contact with heat (Paragraph 4.1.9) ® )
or cotton cloth wipers (Paragraph 3.2.8).
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Parts
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S
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I Socket Contact l

Outer Sleeve
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Socket
Contact

‘i— Cable

Outer Sleeve

Spring

Spring  Guide

Sieeve Guide Sleeve ;

-2 l Socket Contact A

' Socket Contact ’ Guide I -]
Sleeve Cable
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Figure J-18. Socket Connect Assembly
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1760-PS1-TM (Continued) FABRICATION
TRAINING

6.2.1 Insert the cable/contact assembly into the connector cavity with the
Paragraph 4.1.7 insertion tool. Apply tension to the cable to ensure that the
ags«mbly 18 locked in place.

6.3 HARNESS FABRICATION

6.3.1 Routing - Route fiber optics cables per drawings.

6.3.2 Identification - All identification and marking of cables and harnesses
will be accomplished in accordance with the requirements of MIL-W-5088 and this
specification,

6.4 CLEANING OF POLISHED FIBER ENDS

6.4.1 Polished fiber ends shall be cleaned by any of the following methods:

6.4.1.1 Dipping the contact end into an ultrasonic cleaning tank (Paragraph
4.,1.1) of Freon TF (Paragraph 3.2.1) for a minimum of 10 seconds.

6.4.1.2 Spraying the contact end with Freon TF (Paragraph 3.2.2).

6.4.1.3 Dipping the contact end into alcohol (Paragraph 3.2.3).

6.4.2 1In all cleaning methods, the polished fiber end shall be allowed to air
dry for 30 seconds or more. If available, wipe the polished fiber end with an
optical wiping tissue (Paragraph 3.2.4) immediately after cleaning.

6.5 PROTECTION OF POLISHED FIBER ENDS

6.5.1 The polished fiber ends shall be protected by any of the following
methods:

6.5.1.1 Plastic dust cap (Paragraph 3.2.7)

6.5.1.2 Polyethylene bag (Paragraph 3.2.8) 1::3

6.5.1.3 Other device which provides protection from damage and/or e
contamination., <0

7.0 QUALITY ASSURANCE PROVISIONS

7.1 PROCESS CONTROL - Maintain surveillance as necessary to ensure compliance . fﬂ};
to the following: o

7.1.1 Visually inspect (40X magnification) to ensure that the surface of the < -
contact and fiber is flat and free of scratches or gross imperfections, and that
the fiber is not chipped.
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7.2 ACCEPTANCE INSPECTION Ll

7.2.1 Visually inspect the cable harness to verify that there are no lump(s)
on the harness due to foreign object(s) under the braid.
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1760-PS1-TM (Continued) FABRICATION

TRAINING

7.2.2 Visually inspect the termination to verify that the cured epoxy
exhibits proper adhesion between the fiber and the contact.

7.2.3 Visually inspect the cable and terminated ends for damage - nicks,
scratches, contamination, etc.

7.2.4 All cables with a termination at each end shall be measured with the
OATS (Paragraph 4.2.2) to verify that losses do not exceed the values given in
Table J-1, in either direction. Reject all cables that fail to meet this require-
ment., (When there is a larger than a 0.5dB difference in the loss measurements in
opposite directions, a fault at one of the connector ends can usually be found.)
Use an OTDR (Paragraph 4.2.3) to locate the fault.

7.2.5 Reject all cables with unauthorized splices or connectors.
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APPENDIX K

1760-PS2-TM - SPECIFICATION, INTERCONNECT,
FIBER OPTICS, INSTALLATION AIRCRAFT (TRAINING)
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1760-PS2~TM INSTALLATION
TRAINING

SPECIFICATION, INTERCONNECT, FIBER OPTICS, INSTALLATION AIRCRAFT (TRAINING)

1.0 APPLICATION

1.1 This specification defines the procedures for the installation of a fiber
optics interconnect system. It contains only those procedures which are unique to
fiber optics. All other MIL-W-5088 installation procedures for standard electrical N
interconnect will be utilized.

1.2 This specification is applicable when specified on the Engineering
drawings and other process specifications or applicable documents.

2.0 APPLICABLE DOCUMENTS

2.1 Issues of documents and the following documents, of the issue in effect
on the date of invitation for bids or request for proposal, form a part of this
specification to the extent specified herein:

(a) MIL-W-5088 Wiring, Aerospace Vehicle
(b) MIL-C-38999 Connector, Electrical, Circular, Miniature, High Density,
Quick Disconnect (Bayonet, Threaded and Breech Coupling), Environmental Resistant,

Removable Crimp and Hermetic Solder Contacts, General Specification for

3.0 MATERIALS AND/OR SOLUTIONS

3.1 Laboratory Clean Gas

(a) Micro Duster Kit #TX600 (214-31369)

(b) Micro Duster Refill #TW104 (200-57410)
Texwipe Company, Upper Saddle River, N.J.

3.2 Solvent, Freon TF, pressurized spray container, MS-180 or equivalent
Miller-Stephenson, Morton Grove, IL 60053

3.3 Solvent, alcohol, isopropyl, TT-I-735 ‘
3.4 Tissue, optical wiping - Kodak #154-6027 or equivalent
3.5 Caps, dust, plastic, MS90376, various sizes

3.6 Bags, polyethylene, various sizes

4.0 EQUIPMENT AND FACILITIES

4.1 QUALITY ASSURANCE EQUIPMENT

4.1.1 Flashlight, 2 cell, "D" battery size

4.1.2 Optical Attenuation Test Set (OATS)
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1760-PS2~-T™M (Continued) INSTALLATION
TRAINING

(a) UDT #8550, United Detector Technology, Culver City, CA 90230. See
Figure K-1.

GP430551-22

Figure K-1. Optical Attenuation Test Set (OATS)

(b) Wilcom #T312B, Wilcom Products Inc., Laconia, NH 03246, See Figure K-2.

4,1.3 Optical Time Domain Reflectometer (OTDR), suitable for cables less than
30 feet in length, Optixx Model 401, or equivalent. See Figure K-3.

5.0 REQUIREMENTS

5.1 PROCESSING REQUIREMENTS

5.1.1 Fiber optics cables shall not be kinked, folded or crushed during
handling or installation. Over-stressing of a copper cable will cause degradation;
overstressing of a fiber optics cable will result in complete failure. 1

5.1.2 Cables and harnesses shall be installed in a neat and orderly manner.

5.1.3 Connectors :;F&

5.1.3.1 Cleaning - Prior to mating connectors, ensure that the connectors are T
undamaged, free from 51::, chips, and foreign matter. Immediately prior to mating, e
the fiber end shall be solvent cleaned and dried per Paragraph 6.2, If the RN
connectors have been unmated only momentarily and have been kept clean, the solvent SORS
cleaning may be omitted. G

5.1.3.2 Protection - Unmated connectors shall be protected from damage or T
contamination, :
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GP43.0551-23

QP430551-24

Figure K-3. Optical Time Domain Reflectometer (OTDR) ;::::E'-‘
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5.2 END ITEM REQUIREMENTS

5.2,1 Harnesses - When a fiber optics cable is routed within a wire harness,
the harness shall meet the requirements of MIL-W-5088 and other specifications.

5.2.2 Cable Slack - In addition to drip loop requirements, minimum slack
shall be left in cables to meet the following requirements:

5.2.2.1 Provide ease of maintenance.

5.2.2.2 Prevent mechanical strain on the cables, cable junctions and cable
supports.

5.2.2.3 Provide free movement of shock and vibration mounted equipment.

5.2.2.4 Provide servicing of cockpit console control panels without
disturbing any other control panels.

5.2.2.5 Allow a minimum of 1-1/2 inches slack for connector replacement.
This slack shall be between the connector and the second wiring support clamp.
That is, with the connector unmated and the first clamp loosened, the cable will
permit the front end of the connector shell to extend 1-1/2 inches beyond the point
normally required to properly mate the connector. Routing shall accomodate slack
cable without cable fold back.

5.2.3 Cable Bend Radius - When it is necessary to bend a cable or harness,
the bend radius shall be as large as feasible and shall be a minimum 10 times the
outside diameter of the fiber optics cable or of the largest cable in the harness.

5.2.4 Test

5.2.4.1 1Installation Check - As soon as possible following installation, each
cable shall be tested for continuity (Paragraph 6.4.1), individual cable loss
(Paragraph 6.4.2) or system cable loss (Paragraph 6.4.2). Refer to Table K-1 for
acceptance criteria.

TABLE K-1. ACCEPTANCE CRITERIA

Test Acceptance Criteria

Continuity (Paragraph 6.4.1) — Bright Light {s Visible at End of Cable.
It in Doubt, Pertorm Paragraph 6.4.2 Test.

Cable Lass (Paragraph 6.4.2) — 2 dB Maximum for a Single Cable.
— Allow an Additional 3 dB for Each Cable
Added in Series, i.e. 2 Cables in Series -
5 dB Maximum, 3 Cables in Series - 8 dB
Maximum., etc.

GP430551.21
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FIBER OPTICS BASICS
AND TROUBLESHOOTING

3

X
\ Signature Pulse
“Buried” in Launch Pulse

Launch Pulse

Signature
Pulses

Launch Pulse

Figure L-14. OTDR Connected to A End

Figure L-15. OTDR Connected to D End

GP43.0551-32

The above examples should provide enough information to successfully isolate
most fiber optics cable malfunctions to the cable break location or conmector.
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D (o B A
.
Signature Pulses
»
u U Signature Pulses
Launch Pulse Launch Pulse
Figure L-10. OTDR Connected to A End Figure L-11. OTDR Connected to D End
GP43-0551-30

A B X cC D
Signature
u Pulses
Launch
Launch
Pulse Pulse
Figure L-12. OTDR Connected to A End Figure L-13. OTDR Connected to D End

GP43.0551-31
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Figures L-14 and L-15 illustrate a break near end A of the cable. The
signature pulse from the break is not completely buried in the launch pulse (Figure
L-14), so the break is not at the connector and is likely to be within two meters .
of end A. Since the leading edge of the pulse cannot be seen, it is not possible
to estimate the location of the break from this trace. However, by connecting the
OTDR to the opposite cable end (Figure L-15), a near normal signature pulse display S
is observed except that the final pulse is closer to the B connection than expected S
from the known length of the BA segment. An estimate of the distance of the break -
at X from the B connection can be made using Figure L-9. Further, by wetting end

A, no change in the signature pulse amplitude of the final pulse will be noted if
there is indeed a break in the cable.
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1760-PS4-TM FIBER OPTICS BASICS
AND TROUBLESHOOTING

12 v
Scope 50 ns/cm 20
Time
Base
10
10
8
6

Distance in Cable to Fault -m

177 gl

0 2 4 6 8 10
Signature Pulse Location - cm

GP43-0551-33
Figure L-9. Conversion of Scope Trace to Cable Fault Location

Typical displays for a normal three segment cable are shown in Figures L-10
and L-11. The OTDR is connected to (arbitrarily chosen) end A. There are a total
of four pulses displayed: the launch pulse and three signature pulses from the two
in-line connections and the cable end. The distances between two given pulses will
be equal regardless of the end to which the OTDR is connected. So, in Figures L-10
and L-11, the distance between the C and D signature pulses is the same whether or
not D corresponds to the near end or far end of the cable. TEach pulse is success-
ively lower in amplitude since there is less light available for reflection at each
successive interface. The limit to the number of segments which can be connected

together and still yield a signature pulse is determined primarily by the loss at
the connections.

Figure L-12 illustrates the scope display for the same three~segment cable
which has a break in the middle segment (BC). As a result there will be no signa-
ture pulses at C and D. The amplitude of the signature pulse from the break is a
function of how clean the break is; a low amplitude pulse signifies an irregular
break. When the OTDR is connected to the opposite end of the cable, Figure L-13,
the A and B signature pulses are now missing and the signature pulse from the break
is close to the C signature pulse as expected. The location of the break can be
calculated using Figures L-12 and L-13 in two ways: (1) the distance from the C
connection and (2) the distance from the B connection.
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A 8 A B
T N~ -~ —
Signature
Launch Launch
u Pulse k Pulse Pulse
Figure L-7. Break at End A of Cable Figure L-8. Break at End B of Cable
GP43-0551-29

The two cable ends can be reversed and the process repeated for additional
confidence. For example, an OTDR signature such as Figure L-7, will change to one
like Figure L-8 when ends A and B are exchanged.

After verification of a fiber break in the vicinity of a connector, it is
often possible to find the exact location by cautious manipulation of the cable.
The OTDR is connected to the end with the suspected break. By applying slight
tension to the cable and then wiggling the cable, the offset fibers will often be
aligned long enough for a signature pulse to be returned from the opposite end of
the cable segment. Therefore, a signature pulse corresponding to the cable end
will be seen flashing on the oscilloscope, verifying the existence of a fiber break
where the cable is being handled.

The wave forms shown in Figures L-5 through L-8 are typical for cable segments
shorter than 20 meters. The launch pulse is 10~20 nsec wide for high performance
OTDRs. With the oscilloscope time base set at 20 nsec/cm, a signature pulse 5 cm
after the launch pulse corresponds to a 10 meter long cable segment. Figure L-9 is
a plot for various oscilloscope settings and can be used to find the distance to a
break or cable end from the oscilloscope display.

It has been shown that isolation of a fiber optics cable break to within a
short distance of either end is possible using an OTDR, some elementary logic, and
by exploiting the properties of optical terminations. These results can be
extended to multiple segment cables by merely extending the technique outlined
above.

6.3.2 Multiple-Segment Cables - The same principles for troubleshooting one
segment fiber optics cables are now applied to multiple-segment cables. It is
important to know the number of segments and their lengths so the oscilloscope time
base can be set. Any jumper cables used to connect the OTDR to the system under
test must also be included in the segment count.
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1f the broken fiber ends are offset, there will be virtually zero transmission
through the cable. This kind of break is the most likely with single fiber cables,
and will be indicated by a high loss reading, typically 25 dB or more on most
optical attenuation test sets. In this case, it is possible to identify the
location of the break with the OTDR even if the break is at the connector.

This method yields the highest confidence if both ends of the cable segment
are accessible and the length of the segment is known to within a few tenths of a
meter. If a fiber break is more than some critical distance from either end of the
cable segment, it will be displayed on the oscilloscope as a normal discontinuity,
as Figure L-6 illustrates, and its location can be determined. The critical
distance depends on the OTDR used since it is a function of the launch pulse width.
For OTDRs such as the Optixx Model 401, the critical distance is about one meter.
If the fiber break is "clean,” the reflected light pulse will be nearly as strong
as it would be from a properly terminated end, and the signature pulse will have
nearly the same amplitude in both the normal and the broken cable. 1If the fiber is
shattered, there will be a smaller signature pulse. Finally, with offset broken
fiber ends, there will be no signfiicant signature pulse from the end of the cable
segment because there is no light in the broken portion of the cable.

Launch Signature
Pulse Pulse

o

Figure L-6. Break in Middle of Cable

The most common fiber optics cable problem will be a broken fiber in or near a
connector. TIsolation to the correct cable end is achieved in the following manner.
Assume the OTDR is connected to end A. If the offset break is within the critical
distance of end A, the reflection from the break will be "buried” in the launch
pulse and there will be no signature pulse from end B as shown in Figure L-7. If
the offset break is within the critical distance of end B, the signature pulse from
the break will appear on the oscilloscope at the same location as the signature
pulse from an unbroken cable of the same length, as shown in Figure L-8, since the
break is close to the fiber end. 1In this case, end B can be tested further. If
end B is wetted with water or saliva, there will be no significant change in the
signature if there is a break in the cable between the OTDR and end B. If the

cable is unbroken, the amplitude of the signature pulse will decrease substan-
tially. —
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AND TROUBLESHOOTING

11. Compare the displayed value with the loss specification for the
cable system under test.

6.3 TROUBLESHOOTING WITH THE OPTICAL TIME DOMAIN REFLECTOMETER (OTDR)

If a particular sequence of tasks is performed, an OTDR (Paragraph 4.2) can be
used to locate breaks in short fiber optics cable assemblies, including breaks
inside connectors. This ability greatly facilitates troubleshooting of suspect
systems and makes practical isolation to the break site rather than to merely a
cable segrent.

Whenever an avionics system using fiber optics interconnect malfunctions, a
number of methods are available to isolate the fault. If the fault cannot be
immediately isolated to a WRA and both ends of the suspected interconnect are
accessible, an OATS (Paragraph 4.1) is used to verify that there is indeed an open
circuit in the interconnect. An OTDR can then be connected to an oscilloscope and
to the faulty interconnect and the techniques set forth here are applied.

The method is illustrated first for a single fiber optics cable segment, and
then for the more likely occurrence of multiple segments.

6.3.1 One-Segment Cables — The normal OTDR signature from a short one-segment
fiber optics cable is shown in Figure L-5 and consists of two pulses, one from the
launch end of the fiber (the launch pulse) labeled A, and one from the far end of
the fiber (the signature pulse) labeled B. The length of the cable segment can be
calculated given that 10 nanoseconds must elapse for each meter of cable length
before the signature pulse can return. Thus, if the cable length is known, the
location of all expected pulses can be easily calculated. Any pulses which are
missing, or pulses which appear in unexpected locations, or even an apparently
normal signature which does not pass the OATS test, may indicate a catastrophic
fiber failure or other interconnect problem.

Launch Signature
Pulse Pulse

Figure L-5. Normal Signature
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AND TROUBLESHOOTING

1. Dirt between the ends of the fibers in a connector. Since the fibers
are so small, even a tiny speck of dust can block a relatively large amount of
light passing through the fiber. Therefore, extreme care must be taken to ensure
that no dirt is allowed to remain in the connectors when they are mated.

2. Damaged fiber ends. 1If the ends of the fiber are rough instead of
being properly polished, the light will scatter instead of passing from one fiber
to the other. The light that scatters does not continue to travel through the
fibers and is lost.

‘ 3. Loose connection. If a connector is not properly mated, the fibers
will not align properly and the ends of the fibers will not be close enough for all
of the light to travel from one fiber to the other.

4. Broken fiber. If a fiber 1s broken, no light can travel past the
break. This is analogous to a broken electrical wire.

6.2 OPERATION OF THE OPTICAL ATTENUATION TEST SET (OATS)

The OATS (Paragraph 4.1) can be used to measure the losses in a fiber optics
cable. The cable to be measured may be only one segment, or several segments
connected together, so long as there is only one input pori and one output port in
the system. In order to obtain accurate, repeatable measurements, the following

steps must be followed.
1. Connect one jumper cable to the RECEIVE port of the OATS.

2. Connect another jumper cable to the TRANSMIT port of the OATS.

3. Connect the free ends of the two jumper cables together using a
suitable adapter.

4. Fnable the transmitter so that light will be transmitted through the
jumper cables.

5. Adjust the ATTENUATION ADJUST control until the display reads 0.00.
The test set is now zeroed and ready to perform the test measurement.

6. Disable the transmitter. Having the transmitter disabled when o
measurements are not being made will prolong the life of the optical source as well Ty
as the test set batteries (if applicable).

7. Disconnect the jumper cables from each other, but do not disconnect
the cables from the OATS.

, Lt
AR YT

8. Connect the ends of the cable system under test to the free ends of

‘ the jumper cables. It does not matter which end of the cable under test is - -
connected to which jumper cable. ;

e - . e
Lok b sl

9. Enable the transmitter.,

10. Read the display. The number being displayed is the amount of loss .
(in dB) or the optical power transmitted (in dBm) in the cable system. These two -
units of measurement can be selected by a switch on the test set (if applicable). T
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1760-PS4-TM FIBER OPTICS BASICS
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1. A transmitter which converts electrical signals to light signals (See

Figure L-3)
Electrical
Input
r———{ ——————— - r—-————————— - 9
| I : I
| Light || | | Diode | '
' Modulator =¥ source [ T Detector =» Demodulator '
| | | |
b oo o —_————_— 4 e e o —— e —— — e
Transmitter Optica! Receiver
Fiber
Electrical
Output
GP43-0551.27

Figure L-3. Basic Fiber Optics Link

2. The fiber optics interconnect (cable-connector assembly) which
carries the light signals from one point to another (See Figures L-3, L-4).

0.105 in. Dia Tefzel Extruded
Outer Jacket
Fiber Glass Strength Member
0.060 in. Dia Hytrel Extruded
inner Jacket
0.020 in. Dia
Secondary Buffer

0.0055 in. Dia
Fiber Cladding

),
y 4

——— \
0.0039 in. Dia

Fiber Core

0.010 in. Dia Bufter
GP43-0551.28

Figure L-4. Fiber Optics Cable

3. The receiver which converts the light signals back to electrical
signals (See Figure L-~3).

6.1.3 There are several conditions that can cause loss of light in a fiber
optics interconnect system.
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4.2 Optical Time Domain Reflectometer (OTDR). See Figure L-2.

4.3

5.0

Figure L-2. Optical Time Domain Reflectometer (OTDR)

Oscilloscope with time base to 10 nsec/div or faster. See Figure L-2.

REQUIREMENTS

5.1

6.0

Refer to 1760-TS1.

PROCEDURES

6.1

BASICS OF FIBER OPTICS

6.1.1 Fiber optics is a system for the transfer of data by transmitting light
through a glass or plastic fiber which can he thinner than a human hair. The
advantages of a fiber optics system over a coaxial or triaxial cable system are:

1)
2)
3)
4)
5)
6)
7)

smaller size

lighter weight

lower cost

higher data rate capability

immunity to Electromagnetic Interference (EMI)
immunity to Electromagnetic Pulse (EMP)
immunity to lightning strikes.

6.1.2 A fiber optics data link consists of three major components:
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FIBER OPTICS, AVIONIC, BASICS AND TROUBLESHOOTING OF

1.0 APPLICATION

1.1 This specification defines the procedures for troubleshooting fiber
optics interconnects.

2.0 APPLICABLE DOCUMENTS

2.1 None.

3.0 MATERIALS

3.1 None.

4.0 EQUIPMENT

4.1 Optical Attenuation Test Set (O0ATS). See Figure L-1.

Ln gk anarar ey oandag

-

Ty

GP430861-28
‘ Figure L-1. Optical Attenuation Test Set (OATS)
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o 1/6U-PS1-TM (Continued) FABRICATION —
o’ TRAINING

®

6.4.2.4 Adjust ATTEN-0-ADJ knob for 0.00 on display.

6.4.2.5 1Insert the individual cable or cable system to be tested between the -
two cahles.

6.4.2.6 Read the loss in dB in the display window.

6.5 CONNECTOR PROTECTION

6.5.1 When the connectors are unmated, cover the contacts with a plastic dust
cap (Paragraph 3.5), a polyethylene bag (Paragraph 3.6) or other equivalent method
to prevent damage or contamination.

DAL SR co, SELPURRR
1.1’1-"' .

7.0 QUALITY ASSURANCE PROVISIONS

7.1 Surveillance shall be maintained to ensure adherence to Section 5 require-
ments.

vvrvvvnv

7.2 PROCESS CONTROL

] 7.2.1 Surveillance shall be maintained to ensure adherence to Section 6 proce- -
i. dures and restrictions.
S

[ 7.3 ACCEPTANCE CONTROL

7.3.1 Verify that all connections are tight and that all cabling is installed B
in a neat, orderly manner. -

7.3.2 Verify that all hardware (including unused) is tight and that proper
hardware has been installed.

| A R

7.3.3 Measure the loss of each installed cable per Paragraph 6.4. Reject all
cables which exceed the allowable losses listed in Table K-1. Use an OTDR
(Paragraph 4.1.3) to locate faults in the cable. See Figure K-3.

o

8.0 SAFETY

8.1 GLASS FIBERS - Broken pieces of glass fiber shall not be permitted to
remain loose in work area.
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5.2.4.2 System Check ~ An end to end system check of the total cable losses

per Paragraph 6.4.2 shall be made immediately after all cable segments are joined

together. Refer to Table K-1 for acceptance criteria.
2 6.0 PROCEDURES
o~ 6.1 GENERAL
- 6.1.1 When installing harnesses in aircraft, conform to the standard proce-
}k dure for installation of wire harnesses and the requirements of this specification. *
‘ 6.2 CLEANING

6.2.1 Prior to mating, inspect the polished fiber ends for damage, contamina-
tion or debris. The socket contact especially should be inspected for debris. 1If
debris is visible or if losses are excessive, use pressurized clean gas (Paragraph
3.1) to dislodge the debris. If pressurized clean gas is not available or is not
successful, a metal probe may be used. Care must be taken not to damage contact
parts or to scratch the polished fiber end. When the debris has been cleared,
spray the tip of the fiber optics contacts with Freon TF (Paragraph 3.2), and wipe
with optical wiping tissue (Paragraph 3.4) or Q-Tip. 1If Freon TF 1s not available,
the fiber ends may be cleaned by dipping into or brushing with alcohol (Paragraph
3.3). Allow the contacts to dry for 30 seconds or longer.

6.3 COUPLING CONNECTORS

6.3.1 Position the plug of the connector so the keyway of the plug and
receptacle align. Slide the coupling nut onto the receptable shell and turn the
nut clockwise until the threads engage. Continue turning the coupling nut until
fully engaged. When coupling MIL-C-38999 Series III connectors extra caution
should be taken to insure that the contacts of the counnector are engaged to a
definite stop. When the receptacle is positioned so there is a clear view of the
red line, tighten the coupling nut until the red line is no longer visible and the
coupling nut will no longer turn. If the red line cannot be clearly viewed,
tighten the coupling nut as far as possible by hand. Finish tightening the nut
with an appropriate spanner wrench, or a leather or fabric strap wrench, until the
connector bottoms out and the coupling nut will no longer turn.

6.4 TEST PROCEDURES

6.4.1 Continuity Check -~ Using a 2-cell "D" battery size flashlight
(Paragraph 4.1.1) as a light source at either end of the test cable, visually check
for light transmission between the cable ends.

6.4.2 Cable Loss Measurement - Measure cable loss using the OATS (Paragraph
4.1.2) test set as follows: .

6.4.2.1 Connect the pigtail cable to the RECEIVE port of the OATS.
6.4.2.2 Connect other pigtail cable to the TRANSMIT port of the OATS.

6.4.2.3 Connect the two cables together.
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FIBER OPTICS
TRAINING COURSE

COURSE, TRAINING, FIBER OPTICS, SPECIFICATION FOR

1.0 APPLICATION

1.1 This specification defines the assembly, installation, measurement
techniques, and troubleshooting of fiber optics components in military aircraft.

1.2 This specification is applicable to the training of personnel to
troubleshoot and repair fiber optics interconnect in military aircraft.

2.0 APPLICABLE DOCUMENTS

2.1 SPECIFICATIONS

MIL-W-5088
1760-CS1
1760-CS2
1760-CS3
1760-MS1

1760-PS1-TM™

1760-PS2-TM

1760-PS3

1760-PS4-TM

Wiring, Aerospace Vehicle

Specification, Cable, Fiber Optics
Specification, Contact, Pin, Fiber Optics
Specification, Contact, Socket, Fiber Optics
Specification, Epoxy

Specification, Interconnect, Fiber Optics, Fabrication of
(Training)

Specification, Interconnect, Fiber Optics, Installation,
Aircraft (Training)

Specification, Interconnect, Fiber Optics, Maintenance/
Repair Procedures, Aircraft

“iber Optics, Avionic, Basics and Troubleshooting of

3.0 MATERIALS AND/OR SOLUTIONS

3.1 Refer to 1760-PS1.

4.0 EQUIPMENT AND FACILITIES

4.1 Refer to 1760-PS1.
4.2 Refer to 1760-PS2.

5.0 REQUIREMENTS

5.1 All personnel shall he required to complete this training course prior to
performing any maintenance on fiber optics interconnect in military aircraft.




1760-TS1 (Continued) FIBER OPTICS
TRAINING COURSE

6.0 PROCEDURES

6.1 This training course shall consist of the following topics:

1) Basics of Fiber Optics P
2) Fiber Optics Components -
3) Assembly Procedures

< 4) Installation Procedures
5) Measurements
6) Troubleshooting.

6.2 BASICS OF FIBER OPTICS

6.2.1 Refer to 1760~PS4-TM.

6.3 FIBER OPTICS COMPONENTS

6.3.1 The components of a fiber optics interconnect with which maintenance
personnel are concerned are cables and connectors.

6.3.2 Fiber optics cable

Refer to 1760-CSl. oy

6.3.3 Fiber optics pin contact

. J

Refer to 1760-CS2.

6.3.4 Fiber optics socket contact

Refer to 1760-CS3.

6.4 ASSEMBLY PROCEDURES

6.4.1 Refer to 1760-PS1-TM. s

6.5 INSTALLATION PROCEDURES

6.5.1 Refer to 1760-PS2-TM.

6.6 MEASUREMENTS AND TROUBLESHOOTING

6.6.1 Refer to 1760-PS4-TM

7.0 QUALITY ASSURANCE PROVISIONS -

NOT APPLICABLE ’ e
8.0 SAFETY
8.1 Refer to 1760-PS1~TM.

8.2 Refer to 1760-PS2-TM. ig
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